Leaping weirs and overflow weirs for sewers by Babbitt, Harold Eaton
LEAPING  W EIRS AN D  O VE R FLO W  W EIRS FOR SEWERS
A• ^
BY
HAROLD EATON BABBITT
S. B. Massachusetts Institute of Technology, 1911.
THESIS
Submitted in Partial Fulfillment of the Requirements for the
Degree of
M ASTE R  OF SCIENCE 
IN MUNICIPAL AND SANITARY ENGINEERING
IN
THE GRADUATE SCHOOL 
OF THE
U N IVE R SITY  OF ILLINOIS
1917
van
S>\\
U N I V E R S I T Y  O F  I L L I N O I S
THE G R A D UATE  SCHOOL
__ Ju n e  2 , ..... i 9i 7
I H EREBY RECOMMEND THAT THE TH ESIS PREPARED UNDER MY SU PER­
VISION B Y  .................................. HAROLD EATOH B A B B IT T _________________________
t7\|tttt F n  LEAPING WEI RS AMD OVERFLOW W EIRS FOR SEWERS__________
BE ACCEPTED AS FU LFILLIN G THIS PART OF THE REQUIREM ENTS FOR THE 
DEGREE rw  MASTER OF SOIEHOE IT  M UNICIPAL A HD SAHITARY EIIG IH ESRILiG .
Recommendation concurred in :*
Committee 
on
Final Examination*
*Required for doctor’s degree but not for master’s.
383267
—— — - iT A B L E  O F  C O  K T E N  T S?--------
P R E F A C ,E: pages 1 -  2 ^ageS
Bibliography,.............................................................     2
P A R T  I .  L S A P I N 0 W E I R S ,  pages 3 — 44
CHAPTER I .  INTRODUCTION pages 3 — 7
Sect. 1. D e f in i t i o n . . . . . . . .................................... ............ 3
Sect. 2* Purpose.................................................... ■...............  3
Sect. 3. H istorical Resume......... ................... ...................  4
Sect. 4. Previous Investigations............... .......................  4
Sect. 5. Existing In s ta lla t ions .....................................  6
CHAPTER I I .  INVESTIGATIONS OF LEAPING WEIRS AT THE UNIVERSITY
. OF ILLINOIS. pages 8 —12 '
Sect. 6. Period Covered By Experimental Work.................  8
Sect. 7. Tests And Observations............. .......................... 8
Sect. 3. Apparatus Used........................................................  9
Sect. 9. Making A Run........................................................... 11
CHAPTER I I I .  RESULTS COMPUTED FROM OBSERVATIONS, pages 13 — 20
Sect. 10. Direct Observations..............   13
Sect. 11. Rate Of Flow............       13
Sect. 12. Value Of n In Kutter's Formula......................  13
Sect. 13, Calculated Depth Of Flow.................................... 14
Sect. 14. Velocity Heads......................................................  15
CHAPTER IV. DEDUCTION OF FORMULAS, pages 21 — 39
.
Sect. 15.* -Rational Considerations........................................21
Sect. 16. Empirical Expressions............................................22
Sect. 17. Outside Curves, General..............     23
Sect. 18. Outside Curve, Value of m, Exponent of y . . . .  23 
Sect. 19. Outside Curve, Value of n, Exponent Of v. . . .  26 
Sect. 20. Outside Curve, Vk lue of k, The C oe ff ic ien t . .  26 
Sect. 21. Outside Curve, Final Form Of The Equation...  .27
Sect. 22. Inside Curve, General............   27
Sect. 24. Inside Curve, %lue of m, Exponent of y ........ 27
Sect. 25. Inside Curve, Value of n, Exponent of v . . . . .  28
Sect. 26. Inside Curv© , &.iue of k, The C o e f f ic ien t . . .  28 
Sect. 27. Inside Curve, Final Form Of The Equation.. . . .3 0
Sect. 28. Middle Curve , General............................................30
Sect. 29, Middle Curve, % lue Of m. Exponent of y ........  30
Sect. 30. Middle Curve, Value of n, Exponent of v . . . . .  .30
Sect. 31. Middle Curve, Value of k. The C o e f f ic ien t . . .  30 
Sect. 32. Middle Curve, Final Form Of The Equation.... 31
i i
.(Table of Contents, Continued) PagQ
Sect. 33. Use Of Equations Beyond Limits. Of Tests........31
Sect. 34, Accuracy Of Results.................... ....................... 33
CHAPTER V. DESIGN OF LEAPING WEIRS, pages 40 — 44
Sect.' 35. Formulas and Diagrams....................................... 40
Sect. 36. Investigation Of Existing Weir.........................40
Sect. 37. The Design Of A Leaping Weir............................ 42
Sect. 38. Structural Features Of A Leaping Weir........... 44
P A R T  I I .  0 V E R F L 0 W
CHAPTER VI .
W E I  R S. ^ages 45 — 71
INTRODUCTION, pages 45 — 47
39. D efin it ion ......................................................... 45
3urpose.................................................... • .......... 45
Sect. 41. H istorical Resume....................................  45
42. Existing Insta lla tions ...........................................46
INVESTIGATIONS OF OVERFLOW WEIRS AT THE ^  
UNIVERSITY OF.ILLINOIS, pages 48—60
Period Covered By Experimental Work.. . . . . . . .  48
Sect. 44. Description Of Apparatus....................................  48
fating A Run..........................................................  49
l i f f i c u l t i e s  Observed.....................   BO
47. Summary Of Direct Qbser\ations.......................... 50
48. Computed Results........................ * .......................... 50
CHAPTER V I I I .  LAW OF FLOW ..OVER OVERFLOW WEIRS, pages 61 - 69
Sect. 49. Rational Considerations...................   61
Sect. 50. Empirical Expression............................................  65
Sect. 51. Conclusions................       67
Accuracy Of Results......................     68
70
Sect.
Sect. 40
41
Sect.
’SR VII •
Sect. 43
. 4
Sect. 45
Sect. 46
Sect.
Sect.
49
50
51
Sect. 52
CHAPTER IX . ]
Sect. 53
Sect. 54
DESIGN OF OVERFLOW WEIRS, pages 70— 71
. Methods...................... * .........................................  (0
 . Example Of Design............................................. -
i i i
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure.
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
L I S T '  OF  D R A W I N G S
I L L U S T R A T I O N S  A N D  T A B L E S
To face page
1. Photograph of Leaping Weir in Action................................  1
2. Leaping Weir at Milwaukee, Wisconsin................................  4
3. Syracuse Intercepting Sewer Board, Diagrams and Tables
of Experiments on Leaping Weir.................................. 4
4. Sketch of Binnie Separating Weir, and
Diagram for Unwin's Analysis of Leaping Weir..........4
5. Leaping Weir at Wapkdneta, Ohio.........................................  6
6. Leaping Weir at Syracuse, New forx............... • ..................
7. Shape of Falling Stream, Leaping Weir Tests...................  8
8. Sketch of Apparatus for Leaping Weir Tests.................... 9
9. Sketch of Apparatus for Measuring Coordinates of
Falling Stream, Leaping Weir Tests........................ 9
10* Hydraulic Elements of A Circular Section................. • ** 13
11. Plots of Y against X for Outside C u r v e . . . . . . . ........ 22
12. Plots of Y against X for Outside Curve......................22
13. Plots of Y against X for Outside Curve.................  22
14. Plots of X against V ior Outside Curve......  26
15. Value of m, Outside C u rve .. . . ........................................... 26
16. Determination of P and Q, Outside Curve.........................26
17. Determination of Coeffic ient for Outside Curve........... 27
18. Plots of Y against X for Inside Curve........ 27
19. Plots of Y against X for Inside Curve......................27
20. Plots of T against X for Inside Curve...................... 27
21. Plots of X against V for Inside Curve....   28
22. Value of m. Inside Curve.................. ................................. 2d
23. Determination of Coeffic ient for Inside Curve............... 29
24. Plots of Y against X for Middle Curve.................... 30
25. Plots of Y against X for Middle C urve ................... 30
26. Plots of Y against X for Middle Curve.......... 30
27. Plots o f X against V for Middle Curve......................28
29. Determination of Coeffic ient for Middle Curve......... 31
30. Distribution of Discrepancies Between Observations
and Calculations, Leaping Weir Tests.......................33
31. Values of X, V and S when Y is  One Foot, Outside Curve40
32. Values of X, V and S when Y is One Foot, Inside Curve 40
33. Values of Y , for a l l  values of Y and ..........................  40
34. Values of X, V and S when Y is  One Foot, Middle Curve 40
35. Values of m, for %lues of S and V, Outside Curve.... 40
36. Values of m, for % lues of S and V, Middle Curve.........40
37. Values of m, for \klues of S ana V, Inside Curve.........40
iv
Drawings, I llu strations and Tables, continued.
■ To face Page
Figure 38, Photograph of Overflow Weir, No Water Flowing.. . . . . . .  45
Figure 39. Photograph of Overflow Weir in Action............................  45
Figure 40A. Adams Special Adjustable Casting for Overflow Weirs. 46
Figure 40B. Overflow Weir, London England......... ................. ..............46
Figure 40C. Overflow Weir at Cleveland, Ohio................................ *• 46
Figure 41 . 
Figure 42. 
Figure 43.
Overflow at Lombard, I l l i n o i s ............................................ 47
Sketch of Apparatus for Testing Overflow Weirs........... 43
Diagrams for Parmley’ s Analysis and Original
Analysis of Hydraulic Elements of Overflow Weirs. 61 
Plot of Rate of Discharge Over Weir against Velocity 65 
Plots of Q against q, Overflow Weirs.............................  66
Figure 44.
Figure 45.
Figure 46. Plots of 0 against q, Overflow W e irs . . . ........... 66
Figure 47. Distribution of Discrepancies between Observed and
Calculated Discharge from Overflow W e i r s . . . . . . . . .  68
Table I .
Table I I .
Table I l l
Table IV.
Table V.
Table VI .
Table VII
Table VII
Table IX.
Table X.
On page
Comparison of Unwin’ s Leaping Weir Formula and
D irect Observations......................................  6
Miscellaneous Data for Leaping W e ir s . . . . ........... ........... 16
. Coordinates of Points Observed On Leaping Weir............ 17
Value of n in Fatter ’ s Formula................................ ...........14
Value of m, the Exponent of Y............................. ...........* .........35
Values of k for Leaping Weir Formulas............. ..............
. Coordinates of Inside Curve, Leaping Weirs....................3/
I Coordinates of Middle Curve, Leaping Weirs..................... 38
Coordinates of Outside Curve , Leaping Weirs..................... 39
Observations on Overflow W e irs . . . .......................................52
i
1--- !? R S FA 0 E:- —
The aim of this work has been to record the results of a series 
of tests on two types of sewer regulators without moving parts, the 
leaping weir and ,the overflow weir, and to present methods for their 
design. Some information has been collected concerning other tests 
on these two devices, a few examples of existing insta lla tions have 
been shown, and a b r ie f h istorica l resurad has been made.
The thesis has been divided into two parts? Part I treating trie 
leaping weir and Part 11 the overflow weir.
Sewer reguiat i-ors are used for re liev ing  surcharged sewers of 
excess sewage. They may be used in combined sewers to d ivert tne 
storm water, in overcharged separate sewers to d ivert the excess 
sewage into r e l i e f  sewers, and in other cases to d ivert the sewage 
from one channel to another.
The types of regulators may be divided into two classes, those 
without moving parts and those with moving parts. Most of the moving 
part regulators depend on a f lo a t ,  which upon r is ing  opens the gate 
to a. r e l i e f  ou tlet. Some of the devices are suite simple, others 
very complicated. Under certain conditions the moving part regulators 
w il l  give sa tis faction . host of the movj ng part regulators are manu­
factured under the control of the patentee, and information as to
their  adaptability  and capacity can be obtained from the manufacturer 
After insta lla tion  the devices usually require calibration. ,
> The two regulators without moving parts are the leaping weir 
and the overflow weir. These are not patented and can be ’ manufact­
ured* easily  in the f ie ld .  The advantages and disadvantages of the 
weirs are discussed under each d iv is ion  of the subject•
The experimental work was done in the hydraulic laboratory of 
the College of Engineering at the University of I l l in o is .  The study 
o f the results and the deduction of the formulas was done a fter  the
completion of the laboratory work.
2Literature on leaping weirs and overflow weirs is scarce.
The most valuable information on the subject is to me found in Am­
erican Sewerage Practice, volume I ,  by Metcalf and Eddy. The 
following books have something to say of more or less value on these 
subjects *
"Sanitary Engineering" by E.C.S. Moore, and 
the second edition by Moore and Si 1cock.
"Sanitary Engineering" by Vernon Harcourt. p. 313
"Sewers and Drains for Populous D is tr ic ts "  oy 
J.W. Adams, p. 133
"The Sewerage of Sea Coast Towns" by H.C. Adams, p.53
"The Cleaning and Sewerage of C it ies " by 
R. Baumeister. pp. 3, 47, and 122.
"Sanitary Engineering" by Wood. Second Ed. p. 155
"Construction of Sewers" uy Ogden. Chapter XI.
"The main1^ &J.^|ge of Towns" by F.N. Taylor 
bP * j
......... , . ....... "Sewerage" by A.P. Folwell. p 170
"Sanitary-Engineering" by Baldwin Latham 
Second Edition p. 460
Other Publications
"The Elimination of Storm Water from Sewerage 
Systems" by D.E. Lloyd-D&vis in Minutes of 
Proceedings of the Institution of C iv il  
Engineers, Vo 1 CLXI V p. 41
"The Milwaukee Sewerage System" by G.H. Benzenberg 
in Transactions of the American Society of 
C iv il  Engineers Voi. XXX p. 367 and 711
'’The Walworth Run Sewer, Cleveland, Ohio" by 
W.C. Parmley in Transactions of the 
American Society of C iv i l  Engineers 
Volume LV p. 341 .
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t r o l l in g
without
JsXllJiilQIli- A leading weir is  a device lor oon- 
the amount of flow in a sewer. I t  operates automatically 
moving parts, in sucn a manner that a r e la t iv e ly  low flow
in the sewer fa l ls  into a channel beneath the weir, whereas the highe 
ve loc it ies  of larger quantities cause the stream to leap the gap 
opening into the channel below, and pass out through another channel. 
Figures 2, 5, and 6 show the deta ils  of typical leaping weirs.
Sect.. 2.. Purpose•— -Under certain conditions in a combined 
sererage system i t  is  undesirable to ‘conduct the entire storm flow 
to the point of dischalge of the dry weather flow. The ou tfa ll sewer 
can be relieved of the storm flow by inserting a leaping weir at i ts  
upper end and conducting the storm flow to -some nearby ou tle t.
When a sewage treatment plant is  placed at tae ou tfa ll of a 
combined sewerage system it is undesirable to attempt to treat mi* of 
the storm water which w il l  be delivered through trie ou tfa il > In 
some cases the amount of storm water w i l l  so d ilu te  tae ordinary dry 
weather flow as to permit the discharge of the untreated mixture 
into the body of water ord inarily  receiving tne treated dry weather 
flow, without causing a nuisance. A leaping i-eir is a device, with­
out moving parts, which wj11 successfully accomplish this purpose, 
so that the treatment plant can me en tire ly  at rest during times of 
storm discharge from the sewerage system.
One of-the orig ina l purposes of leaping or "separating" weir 
as mentioned in some of the books lis ted  in tne bibliography, was 
to co llec t  the clear lo? rater fiow of a small scream as potauv©
water, and to  a.low the muddy storm waters to pass by without
•V J
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4interception. Such a device insta lled by S ir A.R. Sinnie at Bradford 
England is  shown in Figure 4,
The advantages of the leaping 'weir are obvious, but the fact 
that i t  operates automatically and without moving parts should be em­
phasized. One of i t s  greatest disadvantages is  the amount of head 
consumed, which may be prohibitive in sewers on f la t  grades. J t  
would probably be d i f f i c u l t  to in s ta ll  a 1easing weir in an existing 
sewer because of the necessary change in the grade of the storm 
water ou tle t .
Sect. .3. HiatorLcal-jag-iima»-Leaping weirs were probably 
insta lled in the United Staves for the f i r s t  time in Milwaukee, Wis. 
These weirs are mentioned by Benzenberg in Transactions of the Am­
erican Society of C iv il  Engineers, Volume XXX, pp. 367 and 711 (Nov. 
1893) Figure 2 shows the deta ils  of one of the ex isting weirs at 
Milwaukee which is very similar in d e ta il  to those described by Ben- 
zenberg. I t  is  probable that the English had insta lled  such devices 
previous to 13.93, as English sanitary engineering litera ture  has 
many references to leaping, weeping, or separating weirs before that 
time.
Sect. 4. Provipus .Jiivssll^^Xfons«- An investigation of. a 
leaping weir made under the d irection  of Glenn D. Holmes, Chief En­
gineer of the Syracuse, N.Y. Intercepting Sewer Board was trie only 
one about which information was found. Letters of inquiry were sent 
to a number of engineers engaged in sewerage assign and construction
but none who replied knew of other investigations.
The results of the Holmes investigations are published in "Am­
erican Sewerage Practice" ifo lume I , by Metcalf and Eddy, The inves­
tigation  was of. a special form of weir, and i t s  results are not ex­
tensive enough for general, application. A copy of the results of the 
orig inal observations and a sketch of the apparatus used is gi ven in 
Figure 3,
The best known method in use by engineers for the design of 
leaping weirs is that credited to Professor W.C. Unwin. As quoted 
from the f i r s t  edition of "Sanitary Engineering" by E.C.S. Moore, i t
bis as follows?
" . . . . . T h is , ( th e  action of the weir) is  e ffected  by the ve loc ity  
imparted to the 'water discharged over a weir causing i t  to fo llow  a 
parabolic path; the distance the water is  projected depends on the 
depth of water on the weir and the consequent amount of ve loc ity . In 
Figure 4 le t h be the head of water discharging over a weir, then, 
according to Professor Unwin, i t  is su ff ic ien t ly  accurate for prac­
t ic a l  purposes to assume the mean ve loc ity  of the water passing over 
the weir equals 2/3V2gh. Then i f  x equal the width of the oriih.ee 
e f,  and y equal the d ifference of leve l ae of the two edges, 
and i f  a part ic le  passes from a to f in t seconds, then
y =, )/3 gt2
Therefore y
2/3yr~
J L  x :
16 h
This gives the width for any d ifference of level wnich the je t  w ill 
just pass over with a head h. I f  in addition there is  a ve loc ity  of 
approach n9 must include the head necessary to give that ve loc ity* 
which is ,-x ~  i f  v is  the ve loc ity  of approach in feet per second.
In order to describe the path of the we t ,  set o f f  ao v e r t ic a l ly  to 
1 /2 g on any scale; and be horizontally equal to 2/3-^h; d ivide ad 
and do into an equal number of equal parts, jo in  a with the d iv­
isions on dc, and vertica ls  through the divisions on ao, the Intel
sections of these lines w i l l  give the parabolic patn oi tne under­
side of the j e t . ”
The results of the tests in the laboratory of the University of 
I l l in o is  which are reported herein, led to tne conclusion that this 
method is not correct. I t  is  based on fa lla c ies  in the assumptions 
that f i r s t ,  the path of the center of grav ity  of tne fa l l in g  stream 
is  a parabola with a vert ica l axis and with i t s  apex at the point 
of leap, second that a l l  of the partic les  in the stream describe 
the same path,- and that. the slope of the approaching stream can be 
neglected. The coordinates of the points of the fa l l in g  stream 
in d if fe ren t  test’s have been plotted on logarithmic paper in figures 
11, 12 and 13 for the outside of the je t ,  in Figures 18, 19 and 20
riGC/RE S ’
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for the inside of the je t ,  and in Figures 24, 25, and 25 fo r  the 
'.middle’ , curve or unbroken surface on the underside of tne je t .  Tne 
slope of these lines shows that none of the partic les  on these sur­
faces follows the path of a common parabola in i t s  f a l l .  The d i f f e r ­
ent slopes of the plotted lines on the figures mentioned shows the 
e f fec t  of both the ve loc ity  of approach and the s ioFe of the appro- 
, aching stream.
The design of a weir on this basis, particu larly  i f  the f a l l  is 
greater than twelve to eighteen inches is l ik e ly  to read to markedly 
erroneous conclusions. Table I has been prepared to snow the discre­
pancy between this method and the actual obser^tions.
TABLE I
COMPARISON OF UNWIN’ S LEAPING WEIR FORMULA
AND
DIRECT OBSERVATIONS
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25 0.12 1 .66 .043 0.16 0.53 0.34 0.42 0.92 0.91 1 .03
23 0,14 2.04 ,065 0.21 0.61 0.25 0.49 1 ,06 0.85 1 .13
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206 0.63 4.40 ,303 0.93 1 .28 0.32 1 .02 2.21 1 .49 1 .36
217 0,55 6.35 0,63 1 .18' 1 .45 0.95 1 .18 2.51 1 .15 2.15
Sent. 5. Exist ing-I^M ll& L lb llS  8~ x’act that existing
insta lla tions designed by the Unwin method are reported as g iv ing 
satisfactory' results is probaoiy due to -he uncertainty concerning
the amount of d ilu tion  necessary before tne mixture of rain water 
and sewage may be discharged untreated without causing a nuisance. 
The British Royal Commission recommended a d ilu tion  of f ive  one, 
that, is ,  the storm flow was to oe s ix  times the dry weather - i.o«<
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before i f  could be passed untreated into a stream.
There are many leaping weirs in existence. Figure 5 shows one 
of the weirs at Wapkoneta, Ohio, designed by A.E. Kimberley, by the 
’ Unwin' method, and reported as g iv ing sa tis faction . Figure 2 shows 
one of the weirs at Milwaukee. This i3 probably the ea r lies t  of.the 
leaping weirs insta lled  in the United States. Figure 3 shows, in dia­
grammatic form, the experimental w e ir  used at Syracuse, N.Y. and 
Figure 6 shows one of the weirs insta lled  on the basis of these 
tests . Figure 4 shows one of the early  water supply weirs at Brad­
ford, England.

8CHAPTER II
----- .INVESTIGATIONS OF LEAPING ¥SIR3 AT UNIVERSITY OF ILLINOISt------
5- The experi­
mental work on the Imping weir was begun in May 1916. The f i r s t  
preliminary run was made on July 13, 1916, the interim being occupied 
with setting up the apparatus. The f i r s t  run, the results of which 
are included in the following work was made- on • uiy 20. From then 
until November 18, the laboratory work was pushed vigorously. The 
la tte r  part of the period was devoted to observations on overflow 
weirs as well as leaping weirs.
3-90-t. 7... Tests, and O b serva t ion sT h e  type o f leaping weir 
tested was that formed by the spigot end of a standard v i t r i f i e d  
sewer pipe. The orig ina l plan was to measure the coordinates of cer­
tain points on the upper and lower surfaces of the stream leaping 
from such a pipe, and to express these coordinates in termi of the 
known conditions of the run. In this manner i t  was hoped to obtain
a general expression which would make possible the location of the 
’ lower lip* of the weir for any required conditions of separation.
It  was found however, that the inside surface of the stream was ex­
tremely rough and broken, (see Figures 1 and 7 ) that is ,  the fa l l in g  
stream did not remain so lid . As a result three curves were measured » 
the inside curve which represents the innermost line of drops of any 
consequence; the middle curve which represents the inner edge of 
the unbroken stream; and the outside curve which represents the sraoot 
unbroken surface of the upper portion of the stream. In the f i r s t  
few inches of f a l l  the inside and middle curves are coincident.
It was possible to observe the points on the outside curve with 
the greatest accuracy because of the smoothness of the surface. The 
coordinates of the other two curves could oe approximated only to the 
nearest tenth to two tenths of a foot, because of the broken and 
rough condition of the stream. Even on the outside curve surging



9waves ana changes in the Stream causea variations o f 0.05, to 0,10. of 
a fo o t.
Twelve fee t o f eighteen inch pipe were used fo r,th e  f ir s t - te n  
runs, recoraea as runs 6 to 15 in suDset*uent tab les. Measurements of 
the drop aown curve above tn© weir aha. the. drop, down curve oeiow tne 
entrance at the upper ena o f the pipe, wnen the pipe was on a f la t  
graae, aia not show conclusively the aistance wnicn the two curves 
reaehea into the pipe ana maae uncertain tne aeteruination Of a 
possible meeting of the two curves. Tne length of tne pipe was.then 
increasea to twenty four fe e t ,  ana th is length was usea in a l l  sub- 
sequent runs. Measurements of the drop aown curve weretawen aoove 
the weir ana oelow the entrance when tne sewer was on a f ia t  grade. 
Although not of great accuracy the measurements were su ffic ien t to 
show tnat.the drop aown curve aia not extena aoove the weir more 
than aoout three fe e t ,  which was w e ll  below tn® lowest point due to 
the arop down curve causea by tne loss of heaa at the entrance of 
the pipe.
Sect. 8. Apparatus U sed .F igu re  8 snows some of the ae~ 
ta i ls  o f the flume ana pipe line wnicn were usea to convey tne water 
tD tne leaping weir. The flume was bu ilt o f one men, matched, 
smooth lumber, well bracea ana joinea so as to permit l i t t l e  leakage 
For the runs on.the eighteen inch pipe, tne oottom of the outsiae of 
the be ll o f the pipe was la ia  on tne flo o r  of tne flume, tne siaes 
o f the flume were convergea towara the pipe, ana a ratner abrupt c e ll 
moutn was formec by a fla r in g  concrete bloc*. arouna tne entrance to 
the pipe. The invert of the twenty!our inen pipe l&ia flush with 
the bottom o f tne flume as snown in the figu re . No c e il mouth or con 
verging entrance was used with tne iargsr si^e of pipe. Tne siaes of 
tne flume ana.the siaes of the pipe were approximately in .tne same 
straight lin e .
The jo in ts  o f.tn e  pipe were maae watertight ana the inner surface 
was maae smooth by f i l l in g  the jo in ts  with cement, flush with the in­
ner face of the pipe.
The slope of the invert was determinea by measurements ta^en 
from a leve l string  suspenned above tne pipe, by means of a measuring
. 10
I s tick  passed through noies in the pipe* These, holes were so^e d is­
tance apart, ana to maxe certain that the graae of . the invert-was 
smooth a small stream was run through.the pipe ana aiscrepancies.in  
the graae were noted by the changes in the wiath and appearance o f 
the stream. The slope o f the invert was changed by means o f screw 
jacks placed permanently as supports unaer the pipe. A r e la t iv e ly  
large change o f the jack screw would make but l i t t l e  change in the 
elevation of the pipe above i t ,  and oecause o f.th e  manner o f support 
the pipes were maintained in good alignment both horizon ta lly  and 
v e r t ic a lly .
The coordinates of the leaping stream were measured by means of 
the apparatus shown on a large scale in Figure 9. Tne orig in  of co­
ordinates was ta^en as the l ip  o f tne w eir. The abscissas were mea­
sured out from a plumb line hung from tne ’ o r ig in ’ , the 'z e ro ’ ce- 
ing located on. the scale of the movable moard shown. Figure 1 is  a 
photograph of the apparatus in action snowing a portion of tne 
measuring device in place.
The quantity of water passing over the ieaping weir was measured 
on a stanaara weir placea in the iaooratory weir channel. D ifferent 
sizes of weirs were used in accordance with the amount of water being 
used. The weirs varied from one to three feet in length, with the max­
imum head on any weir not exceeding about f i fte e n  inches. Both sup­
pressed and contracted weirs were usea. because of the large rates 
of flow ana the d i f f ic u lt y  o f maintaining a ir  under the suppressed 
weir with high rates of flow , tne tnree foot contractea weir was 
usea more tnan any other.
The water was obtained from a sump in tne casement of the lab­
oratory and was raised by either one or both of two pumps. One of 
tnese pumps was a steam driven d irect acting duplex pump and the 
other a centrifugal pump ce lt driven from a simple Corliss engine. 
Both pumps were driven to the lim it o f th eir capacity during various 
runs. The highest quantity obtained at any time with both pumps go­
ing was about s ix  thousand gallons per minute during run number 490. 
Tne discharge from these two pumps passed through a twelve inch pipe 
to a s t i l l in g  box (See Fig8) at the upper end of the flume. Adequate
11
covering and ta f f ie s  wereplaced on ana in the box to prevent,splash-^ 
ing and to force the water to issue into the flu te  in a fa ir ly  quies­
cent condition. A- valve was placed on.tne twelve inch Kipe immeaia-
te iy  above the s t i l l in g  box ana variations in the rate ox flow in tne 
pipe were obtained partly  by manipulation of th is 'valve ana partly  
by a lte r in g  the speed of the two pumps. The rate of flow during a run 
was maintained constant by means of a connection between the d is­
charge from the pumps and tne standpipe in the laooratory in which a 
constant leve l was maintained by a Fisher automatic governor connect­
ed, to tne steam pipe on tne steam pump. A measurement of tne rate of 
flow through the apparatus was made a fte r  every coorainate observat­
ion in oraer to maxe sure that the conditions naa not cnangea during 
the run. A fter the water had passed over the stanaard measuring weir 
i t  was lea to the sump ana ussa over again.
The depth of water in the sewer for d iffe ren t rates of flow was 
observed. Tne degree o f accuracy of tne aepth measurements was low 
because of the roughness of the surface, the presence o f standing 
waves and the occassional Occurrence of the pnenomenon of tne hydrau­
l ic  jump. Constant vigilance was necessary to guard against the 
presence of the la tte r  condition during a run. The jump was eas ily  
broken up by placing an obstruction in the pipe until tne water had 
bacxea up considerably and then suddenly removing the obstruction. 
Except for very low rates of flow the aepth measurements were accur­
ate only to the nearest 0,05 foo t.
9r yy,-: ng A Hunt - The order of proceaura in maxing 
a run was as follows?
Adjust the coordinate measuring device ana measure the zero of
y»
coordinates* Then remove the plumb bob from interference with further 
observations•
Take measurements from the leve l line down to the invert o f the 
pipe to determine the slope, and adjust by means of jacius i f  not cor­
rec t. Run a thin stream of m ter through.tne pipe to maxe sure that 
the alignment is  good ana aajust i f  unsatisfactory.
porn p
Start the steam pipe ana f i l l  tne standpipe until the governor 
shut o f f  the pump. Prime the centrifugal pump. Open the valve into 
the s t i l l in g  box and start the centrifugal pump. Adjust the two pumps
12
to about the proper speed with the valve above the s t i l l i fc g  cox at 
such an opening as to give the desired rate of flow over tne ieaping 
weir* The pumps were allowed to run for frou t»vo to x1 i v minutes un- 
t i l  i t  was certain.that there were no great fluctuations in.the con­
d itions.
Read the hook gage on the stanaara weir.
Reaa tne cocrainat.es to some point on tne curve unaer oaservat- 
ion ana continue to alternate this ana the preceding step until four 
or f iv e  points have been read on each curve.
Read tne depth of tne w ater at the l ip  of the weir.
Read the depth of water in the pipe.
I t  is believed from the results calculated from tnese observat­
ions that tne greatest error in this process was in reaaings of the 
slope of the invert of tne pipe. A re la t iv e ly  small variation in tne 
slops w ill  mawe a marked change in the coorainates of a point in the 
fa l l in g  stream.
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CHAPTER I'll
------iRESULTS COMPUTED.FROM OBSERVATIONS*------ .
Sect-*- 1Q«. Direct Denervations*- The slope of. the invert 
and the depth of water on the l ip  of the weir and in the sewer are 
recoraea in T a b le l l ,  The coordinates of the points on tne fa i l in g  
stream are recorded in Table I I I .  These tables are made up from tne. 
d irect observations recorded in the note book, by making the proper 
correction for the observed ’ zero ’ .
Sect. -1. Rjjytfe Of Fipw* - The rate of flow through the 
sewer was computed by applying tne appropriate Francis weir formula 
to the observations made. Tne computation of the rate of flow for 
run number 29, is given as an example, as follows*
The hook gage reading on the three foot contracted weir was 
1.295 fe e t .  The zero reading on tne gage was 0.767 fe e t .  The d i f f e r ­
ence between these two values was substituted for h in the express- 
ion Q 3,33(1 - 0.2h)h Tne value of G in this case is 6.38 cubic 
feet per second.
SAO_1u.J2j._ y a J JOJLlLJiiAlgxl^SQXftaiia,: - Before proceed­
ing with ve loc ity  computations i t  *as necessary to compute the exact 
depth 6fflow, the hydraulic radius, ana tne area of tne cross sect­
ion of the stream, for eacn run. The deptnsof flow as observed were 
too inaccurate for d irect use, aue to tne rough condition of the sur­
face of the flowing stream. The procedure followed was to compute 
the average value of n from the rate of flow and tne observed depth 
of water in the pipe for a i l  runs. Having obtained anaverage value of 
n by this means,the depth of flow for the individual runs was com­
puted, and the computed depths were used in subsequent calculations, 
not the observed depths.
The ratio  o f tne observed depth of flow to the diameter 
o f.the pipe was f i r s t  computed. The otner hydraulic elements were 
then read from Figure 10. The ve loc ity  of flow w as then found by
Diameter of pipe in inches 1.3 24
Slope .007 .010 .013 .005 .006 .010 .014
Average value of n .012 .013 .012 .011 7oi 4 .016 .015 '
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divid ing the rate of flow by the area of the cross section of the 
stream. The ve loc ity , hydraulic radius and slope were then substi­
tuted in Kutter’ s formula and n solved for .d irect ly* .The  average 
of a i l  of these computations is shown for each slope in Table IV. 
The fina l average of a l l  results, and the figure that w as used 
throughout a i l  the subsequent computations was tnat n 0.013
TABLE IV
- - - - - *  VALUE OF n IN HITTER'S FORMULA DETERMINED:-----—
from
----- -—  ?OBSERVATIONS OF DEPTH OF FLOW:--------
in
~ ----- iLEAPING WEIR EXPERIMENTS?---------
jy:- The deptn of flow cal­
culations are probably more accurate than tne observations of tne 
depth of flow, because the calculations represent the average of a i l  
of the observations. The computations were made as follows: A 
table was made up showing tne rate of flow in eignteen ana twenty- 
four inch pipes when flowing fu l l  on d iffe ren t slopes, as read from 
Swan and Horton's Hydraulic Diagrams, and checked by commutations 
using Kutter’ s formula.
For any particu lar run the ratio  between the flow when part fu ll  
ana the f  low when fu l l  was next computed, ana tne ratio of the 
depth of flow to the diameter of the pipe was read from Figure 10. 
Tne actual depth of flow was then the product of this ratio  ana the 
diameter of the pipe. In a few cases tne depth caicuiatea in this 
manner was checked by a determination of tne hydraulic radius and 
a d irect substitution in Kutter’ s formula. In no case was a material 
discrepancy found between the results read from Figure 10 and tne 
results as computed from Kutter's formula.
eia^2ExmaacussBn8a2
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The results of the depth of flow computations are given in 
Taole I .
Sect. 14, Veloaltv_H.3a.ds •- The ve loc ity  nead for each run 
was computed in oraer to determine the possible re la tion  cetween 
the coordinates of the stream and the ve loc ity  nead, Tne fact that 
the lines in Figures 11, 12, 13, 18, 19, 20, 24, 25, and 26 are not 
p a ra lle l indicates conclusively, as was shown on page 6, that the 
ve loc ity  head cannot act as is  suggested in Unwin’ s analysis.
16
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TABLE. II
MISCELLANEOUS DATA FOR .LEAPING WEIRS
5
z r Q-
<0 Ow
cn±-{52 4-c
Q OtA
Depth of Flow 
i n Feet
Velocity
Feet
per
S e c o n d
(*riii
5 “
0 V
nT  ^
*0 OrS
wt  £ 0
£ 0 &Q O CO
Depth o f Flow
in Feet
Velocity
Feet
p e r
Second
Obser­
ved Co |cu to­ted Observ'd Calculate!
•18 inch pipe 24 inc;h pipe.
6 ,005 1,356 — 0.44 3,20 195 .005 10.30 —— 1.20 5,55
7 ,005 5.54 0.98 4,65 196 .005 6.48 0.33 0.92 4.91
8 .005 4,02 0,79 4,37 197 .005 7,60 0,92 0.9 04,79
9 .005 2.55 0.61 3.73 198 ,005 4.64 0.69 0,74 4.21
10 ,005 ,479 0.26 2.30 199 ,005 3.06 0.56 0,59 4.05
11 .023 6.33 0.66 3.40 200 ,005 1 .62 0.42 0.43 3.19
12 .023 5.51 _ __ 0.61 8,05 201 .006 10.79 1 13 1.13 5.90
13 ,023 4^33 0.54 7.91 202 .006 9,14 0.99 1 .03 5,55
14 .023 2,40 0.40 6,46 203 .006 6.84 0.92 0.87 5.18
15 .023 0,66 0.22 4,16 204 .006 0.585 0.25 0.27 2.40
16 .004 2.09 .76 0,59 3.27 205 .006 2.22 0,50 0.48 3.80
17 .004 0.73 ------- ---- 0.35 2.47 2 06 ,006 3.75 0,63 0.63 4.40
18 ,004 ,085 .25 0.14 1 .12 207 .006 5.64 0.76 0.78 4,88
19 .004 4.66 _ ---- 0.94 4.05 208 .009 0.514 0.23 0.25 2.64
20 .004 3,76 .97 0.82 3.92 209 .009 2.14 0,46 0.32 4.28
21 .007 6,21 .83 0.95 5,34 21: .009 3.86 — 0,57 5.17
22 .007 3.98 .70 0.71 4.78 211 ,009 6.34 0.82 0.74 5.97
23 .007 1 .93 .44 0.48 3.92 212 ,009 8.51 1 .06 0.87 6.40
24 .007 0.80 .35 0.31 2.96 213 ,009 11 ,58 1 .21 1 .05 7.1 0
25 .007 .083 ,12 0.12 1 .66 214 .014 0.364 0.15 0.20 3,30
26 .010 0.66 .25 0.27 3.28 215 .014 1.22 0.29 0.30 4.10
27 .010 1 ,72 .44 0,41 4,33 216 ,01 4 3,17 0.51 0.46 5,70
28 .010 0,13 .14 0.1.4 2.04 217 .014 4.44 0.63 0.55 6.35
29 .01 0 6.38 ,81 0,85 6.29 218 .014 3.10 0.94 0.75 7.53
30 .010 4.07 .65 0,56 5.49 219 .014 11 .48 1 .07 0,91 8.20
31 ,018 4,02 .54 0.55 6.77
32 .018 6.29 .75 0,70 7.71
33 .018 1 .68 .33 0.33 5.30
34 .018 0.71, .21 0.24 4,55
35 .018 .076 ,08 0,25 2.45
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TABLE I I I
COORDINATES OF POINTS' OBSERVED ON LEAPING. WEIR
Distances in feet
OeHLU
§ f  
* §
Coordmates-fronaf-ip of weir Uiz  10 
5 i
Coordinates from Up of Weir
Y X j
Corves
X
All
Curves Inside Middie Oufeid? Inside Middle Outside
6 0.71 0.53 1 .24 13 0.18 0.31 1 .38
0.91 0,65 ~ ---------_ 1 .37 0.48 0.73 — 1 .71
1 ,21 0,77 ----------- — 1 .54 0.98 1 .29 — --------_ 2.15
1 .71 0.92 —------- 1 *79 1 .48 1 .41 --------------_ 2,55
2.21 1 .10 —  —  —  — 2.01 1 .98 1 .57 2.-87
2.71 1 ,30 2,23 2.48 1 .88 ^  ^  «.. 3.18
3.21 1 .46 ,2.44 1 4 2.48 1 .5 mm -Wi inui r . 2.77
7 2.71 1.87 3.18 1 .93 1 .3 ------ —  — . 2,50
2.21 1 .65 ------ - --- 2.91 1 .48 1 .16 — ----------- 2.21
1 .71 
1 .21 
0,71
1 .40 
1 .15
0,89
—
2.63 
2.33 
1 .93
0,98
0,48
0.18
.0.9
0.63
0.30
1 .85 
1 .38 
U22
8 0.71 0.89 — —  — T ,64 ~T5 0.13 0.26 —  .1* 0.78
1 .21 
-1 .71
1 .20 
1 .43
----------- ^ 2.02
2.24
0.48
0.98
0.4
0.65
0,63 
1 .0
1 .07 
1 .48
2.21 1 ,61 ----- ----------- 2,61 1 .48 0.86 1 .26 1 .79
2.71 1 *77. 2.36 1 ,98 1 .07 1 .47 2.06
3.21 1 .69 2.74 2,93 1 ,51 2_*4£„
2.21 1 .26 — 2.29 ~16 0.49 0.59 0,74 1 .1 7
1 .71 1 .10 2.05 0.99 0.84 0.99 1 ,50
1 .21 0,90 ----------  — 1 .78 1 .49 0.95 1 .30 1 .81
0.71 0.62 |Ml 1 ,44 1 .99 1 .26 1 ,46. 2.18
"io 0,71 0.36 — ~  _  M 0.88 3,49 .1 .33 3 *.43. 2.70
1 ,21 0.56 1 .15 " 17 0,49 0,29 0,49 0,33
1 ,71 0,75 — . — ; — 1 «37 0.99 0.54 0,59 1 .11
2,21 0.81 —  - 1 .54 1 .49 0.70 0.80 1 .36
3121 1 »J 1 US5 2.49 1.02' 1 .17 1 .76
0.18 0,35 1 .80 3.49 1 ,33 1 ,43 2.07
0.48 0.78 2.12 1*8 3.49 0,93 — ------- — 1 .26
0.98 1 .40 —  — — 2.60 2.49 0.72 ---------------- 1 .07
1 .48 1 .86 3.01 1 .49 0,45 ------- ---- 0,82
'1 .98 2,12 3.37 0,99 0,24 ---------------- 0,66
2.48 2.38 3.63 0,49 0.04 0.46
“1 ?  ' * ” 2 .“48 
1 ,98
2,03 
1 ,77
----- 3.46
3.10
19 0.49
0.99
0.69
0,94
— 1 .54 
1 .96
1 .48 1 .51 --------- 2.74 1 .49 1 ,25 2,30
0,98 1 ,25 -------- 2.35 2.49 1 .62 — 2.92
0.48 0.73 1 .78 3.49 1 ,93 •MM. 3,38
.^0^ 18,_0s33_ — .------ « r _i^57
TABLE I I I  
( continued)
RU
N
NU
M
BE
R Coord<na tes-Trom Lip of Weir La
z g
£ .1 .
Coordinates from tip of Weir
ahY X a/
Curves
nil
Curves nsi'de MiddleOutside Inside Middle Outside
20 3,49 1 .88 3,15 23 0.57 0,13 0.13 0.69
2.49 1 .52 ~---- 2.67 0.77 0,13 0.3 0,80
1 ,49 1 .05 2.11 1 .07 0,3 0.5 0.95
0.99 0.89 --- - 1 .79 1 .57 0.4 Q. 7 1 .13
.0*49 0.64 I aA I 2.57 0.7 1 .0 1 .45
21 0.53 0.8 1 .93 3.57 1 .1 1 .25 1 .73
0,73 1 .0 2,09 29 2.57 1 .9 2.2 3.51
1 ,23 1 .3 2.51 1 .57 1 .4 1 .73 2.36
1,73 1.4 — 2.84 1 .07 1 .2 1 .33 2.51
2.73 1 .8 3,46 0.77 1 .1 1.13 2,24
99 * 2.73 1 ,42 _^ 3.10 0.57 0.9 0,.9 2,06.
1 .73 1 .13 2.56 ~~ 30 0.57 0.8 0.8 1 .69
1 .23 0.94 2.24 0.77 0.93 1 .03 1 .85
0,73 0.7 1 .86 1.07 1 .1 1 .23 2.10
0.£3 JL.65 --f- 1 .76 1 .57 1 .2 1 .5 2.42
23 o' .53 0.5 __ 1 ,28 2.57 .1*7., 1 .94 3.07
0.73 0.6 1 .42 " 31 2.36 1 .4 1 ,9 3,18
1 .23 0.84 1 .77 1 .36 1 .02 1 .4 2.50
2.23 1 .2 — — — — 2.30 0.86 0.76 1 .11 2.13
3.23 1 .4 _____ 2 J8 0 ,*56 0,61 0.86 1 .84,
"24 3.23 1 .22 1 ,42 2.27 32* 0.56 0.66 0.91 2.17
2.23 0,9 1 ,13 1 .88 0,86 0.96 1 .21 2.47
1 .23 0.54 0.7 1 .43 1 .36 1 .22 1.47 2.95
0,73 0,34 0.6 1,13 2 j£$l .1*69. 2.04 0,71
0,53 0^3_ Q.55 33* 2.86 1 .2 1 ,75 2.97
25 0.53 0.05 -r.,. „ 0.58 1 .86 0.9 1.33 2.41
0.73 0.2 *» — 0.67 1 .36 0.72 1 .12 2.09
1 .23 0.4 0.5 0,88 0,86 0.51 0,81 1 .73
2.23 0.7 0,83 1 ,18 0,.56 0 41 1 .46
3.73 1 .1 1 ,22 : .54 34 0.56 0,36 0.36 1 .17
26 ' 0.57 0.33 0.33 T .09 0.86 0.41 0.56 1 .44
0.77 0.33 0,43 1 .22 1 .36 0.62 0.32 1 .76
1 .07 0.38 0,58 1 .42 2.36 0.94 1 .24 2.30
1 .57 0.6 0,8 1 .68 3.36 1,,2 1 .7 2.777
2,57 0.85 1.15 2.12 "35 3.36 1 .1 1 .3 1 .53
3.57 1.1 j .45. 2.50 2.36 0.84 1 .02 1 ,35
~27.. 3.57 1 .55 1 .9 3,08 1 .36 0.54 0.65 1 .03
2.57 1 .2 1 .55 2.61 0.86 0.44 0.44 0,83
1 .57 0.9 1 .13 2.07 0.56 0.26 0.26 0.66
1 ,07 0.7 0.9 1 .78
0,77 0.53 0,73 1 .55
0.57 0,5 0.63 1 .46
TABLE I I I  
( continued)
--- WT\tu CoordinatesLromLipof Weir
ocrui Coordiriates fromi-ip < Weir
^  § y X
lid
3 E J X
* 1
A'U
Curves Inside Middle Dofside
tc 321 AMCyrvfcs nside Middle 3vtside
195 0,63 7.2 1 ,3 2.32 204 3.07 1 ,0 1 .25 1 .35
0.83 1 .3 1 ,95 2.50 2/07 0.7 0.9 1.52
1 .13 1 .5 1 .6 2.74 1 .07 0.35 0.55 1.12
2.13 1 .9 2.15 7 7 1 0,77 0.3 0.4 0.96
196 2.13 1 .7 1 .9 2.96 0.57 , __ ___ 0.84
1,13 1 .25 1 .4 2.35 "*205’ 0.57 ’o745' 0“ 6 ' 1 .30T
0.83 U1 1 .2 2.08 0.77 0,5 0.7 1.44
0.63 1 .0 1 .15 1 .91 1 .07 0.65 0.85 1 .64
fgT " '0763 0,95 1.15 1.87 2.07 1 .0 1 .2 2.18
0.83 1 .1 1 .25 2.04 3 7 1 1 .3 1*55.2*52 .
1.13 1 .25 1 .45 2.18 7 0 6 3.07 1 .55 1.9 2.94
1 .63 1 .5 1 .75 2.56 2.07 1 .2 1 .5 2.48
2.63 2.0 2*15 3,13 1 .07 0.85 1 .05 1 .91
198 ' 2.63 1 .55 1 .70 2.84 0.77 0.65 0.85 1 .63
1 .63 1 .1 1 .25 2.20 0.57 0.55 0.65 1 .54
1 .13 1 .0 1 .15 2.05 "207 0.57 0.85 1’.0 1 .74
0.83 0.9 1 .0 1 .85 0.77 0.95 1 .1 1 .90
0 ,63_ 0.8 0.95 1 »70 1 .0 1,05 1 .25 2.11
199 ' 0.63 0.65 0.8 1.48 1 .5 1 .25 1 .5 2.45
0.83 0.8 0.9 1 .62 2a5 „ U 7 _ J.2L. „3_.03„
1 .13 0.9 1 .05 1 .83 ~203 0.67 0.3 0.4 0.94
1 .63 1.15 1 .3 2.12 0.97 0.35 0.6 1 .14
.1*61 1*45. .IsJ l. J72. 1 .97 0.6 1 ,0 1 .61
200 2,63 1 .1 1 .3 2.18 2.92 1 .0 1 ,35 1 .97
1 .63 0.8 1 .0 1 .72 ~209 2.97 1 .4 1 .7 ' 2.79
1.13 0.6 0.73 1 .47 1 .97 1 .05 1 ,3 2.29
0,83 0,5 0.60 1 .30 0.97 0.65 0,9 1 .69
0.63 0.5 0.5 1.13 0 ,6,7, 0n55 0.7 2*4JL* .^|r* 
201 Y.07 7.9 2.03' 3.40 " 2T0 0.67 0,7 0.9 1 .59
1 .57 1 .7 1 ,8 3,07 0.97 0,85 1 .1 1 .90
1 .07 1 .45 1 ,6 2.82 1 .97 1 .25 1 .6 2.51
0.77 1 .3 1 .4 2.58 2.97 1 .6 . 2.0_ 3.01
0.57 1 .2 1 *2 . 2.40 ~2V 2.47 1 .6 2.0 3.28
202"' 6.57 "l .1 '1 .75 2.13 1 .47 1 .2 1 .5 2.66
0/77 1 .15 1 .30 2,30 0.91 1 .0 1 ,25 2.36
1 , "7 1 .3 1 .45 2.56 0.67 0.85 1 .05 2.1 4
1.57 1 .6 1.75 2.89 212 0.67 ’1 .0 1 .3 2.27
2.57 2,0 2.2 .8o3. 0.97 1 .2 1 .45 2.50
203~' 2.57 1 .85 7.05 ■ 3.27 1 .47 1 .5 1 .75 2.91
1 .57 1 .5 1 .65 2.73 1 .97 1 .7 2.Q_ 3.23
1 .07 1 ,15 1 .35 2.39
0,77 1 .05 1.20 2.17
0,57 0,9 1 .05 2.02
TABLE I I I  
(continued.}
orUi Coordinates from l~ipof Weir
or
•2 to
= Eft- 5r
Coordinates fronitipof Weir
z
0c 3 a„y
Curves
X ,1
Curves
X
inside Middle Outside
U- ZD
Z Inside diddle Outside
213 1 .97 2.0 2.25 — 216 ’,'2.85 1 .55 1 .95 3,22
1 .47 1 .85 1 .95 3.53 1 .35 1 .16 1 .46 2.66
0,97 1 .6 1 .7 3.18 1 .35 0.96 1 .21 2.35
0.67 1 .4 1 .4 2±2 0.85 0,7? 0.92 1 .98
214 2.85 ~0,*95’ 1735 2.00 ‘"217 0.85 •0.87 f.12 2.09
1 ,85 0.71 0,96 1 ,61 1 .35 '1 .11 1 .36 2.48
1 .35 0,51 0.76 1 .41 1 .85 1 .26 1 .61 2.80
0.85 0.37 0.52 1 ,13 2.35 1 .55 1 ,90 3.1,0
215 0,85 0.50 0.7 i .5? 218 2.35 1 .95 2.25
1 .35 0,7.6 0.96 1 .81 1 .85 1 .66 1 .96 3.38
1 .85 0.96 1.21 2.12 1 .35 1 .41 1 ,66 2.96
2.85 1 .22 1 .62 2.59 0.85 1 .17 1 .37 2.67
" ir ° 0.35 1 .42 1 .52 2.95
1 .35 1 .76 1 /96 3.37
1 .85 ±,96 2.16
21 .
CHAPTER IV
-------- ,DEDUCTION OF FORMULAS:— *.—
Ss,alA^^»«J^l3JD ^^asJLda^ij2Jis*- The conditions in a 
flowing stream are complex in so far as the ve loc ity  of individual 
partic les  is  concerned, as scarcely any two partic les  may have the 
same v e lo c ity . The average ve loc ity  of a l l  tne partic les  may not rep­
resent the ve lo c ity  of any p a r t ic le .  As a flowing stream approaches 
a jump or free leap, as in th is series of tes ts , tne ve lo c ity  of tne 
stream increases, resulting in a lowering of the depth of flow, so 
that the actual depth of flow and the ve loc ity  at the point of leap­
ing are d iffe ren t from the depth o f flow and the v e lo c ity  in the main 
channel. Although the individual partic les  may tend to f a l l  in a p&rajf 
bo lic  path determined by the horizontal and ve rtica l components of 
their ve loc ity  ana the action of g rav ity , the e ffe c t  ox the other 
partic les  with d iffe ren t v e lo c it ie s  w ill be to disturb tn is parabol­
ic  path. In consequence i t  is  probable that the upper and lower 
edges of the fa llin g  stream w ill not remain p a r a l le l ,  and tnat no 
p a rtic le  in the stream w ill follow  a parabolic path unless i t  be due 
to such a combination of the various ve lo c it ie s  of its  neighbors as 
to render the resultant path of the group that of a parabola.
Assuming, however, that the v e lo c it ie s  of a i l  the p a r t ic le s  of 
a flowing stream are the same, that the stream has a constant aeptn 
up to tne point of leaping, and that the slope of the invert of the 
conduit is  zero, the horizontal distance trave lled  in the time t 
w ill be vt, in which v is  the in i t ia l  horizontal v e lo c ity . The 
product vt is  equal to the horizontal coordinate of any point on 
the fa ll in g  stream as measured from the point of leaping a3 the 
o r ig in . The distance which the same p a rtic le  w ill arop in the time 
t w ill be 1/2 gt2 , which is  the ve rtica l coordinate of any point on 
the fa ll in g  stream measured from the same o r ig in . Using x ana y 
to represent the values of the coordinates, ana elim inating t i t  i 
found that x - 1/4 vy^which is  the equation of a common parabola, 
with a ve rtica l axis and it s  apex in the o r ig in .
The preceding assumption as to a constant depth o f flow on a
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f la t  grade is an assumption of an impossible condition. The ordinary 
condition would be somewhat as shown in Figure 7 with a s lign t drop 
down curve above the l ip .  Disregarding the change in ve loc ity  due to 
the change in the section of the stream, and assuming that a i l  of 
the partic les  have the same ve lo c ity  equal to the average v e lo c ity , 
then, using the same notation, with the addition o f to represent 
the angle of the slope with the horizontal, see Figure 7,
x - t v cas$ and y - t  v sin0 + 1/2 ^ t 2
Solving for t as before and equating i t w ill ce found that
/.y s in 0 ±  yv^sin^-*- 2-gY \ 
x  -  V  CO 30( ~  g  ’ /
I t  is  evident from the form o f th is last expression that the 
path described by the fa ll in g  partic les  is  not that of a common para­
bola with a vertica l axis and the apex at the o rig in . It  is  also 
evident that the character of the path traversed is  not independent 
o f the slope of the pipe*
Since the average v e lo c ity  of the stream is  greater than the 
ve loc ity  at the bottom of the stream and is  leas than.the average 
ve lo c ity  at the point of leaping, i t  is  evident that the last express 
ion is not correct for the coordinates of the insiae curve. I t  is 
also true that i f  the depth of waterin tne pipe be added.to the y 
coordinate the expression would be erroneous for the coordinates of 
the outside curve for sim ilar reasons. I f  the re la tion  between the 
average ve loc ity  and the top and bottom ve lo c it ie s  were Known, and 
the actual v e lo c it ie s  of the partic les  were substituted for v in the 
expression, the result would s t i l l  be incorrect as is  evident from 
consideration of the fact that the mutual a ttraction  of tne partic les 
w ill tend to impart the path of one upon the path of the other and 
the form of the inside ana outsiae curves is  an averaging of these 
in it ia l  v e lo c it ie s  and la ter tendencies.
Professor W.C. Unwin’ s
empirical expression, referred to in section 4, cased on a portion 
of the preceding theory would lead to the conclusion that by p io tt 
ing y against x for any particular curve, on logarithmic paper 
the points would f a l l  on a straight line whose slope was two. This 
suggested the p lo ttin g  of such points for the three curves which 
were observed in the tes ts . Since the observations for the outside
23
curve were the most accurate the points on tne outside curve were
plotted f i r s t .  ...... ,........ ...............
Sect. 17. O u t s i d e , . T h e  coordinates y
and x recorded in T a b le 'I I I ,  have' been p lo tted 'fo r  the majority of
runs in Figures 11, 12 and 13. The points for any one run l ie  close­
ly  on a straight lin e , except for the’ higher v e lo c it ie s  and slopes, 
where there is  a s ligh t tendency for the line to curve faster to the 
right as the value of y increases. It  is  probaole that there is a 
tendency for these lines to approach a slope of two. This tendency is 
so s ligh t however, that w ith in the lim its of error of the observat­
ions and the desirea accuracy of the resu lts, i t  can oe ignored. Al­
though the points l ie  .on straight lines the slope of these lines is 
d iffe ren t for each run,' which would indicate that the exponent of y 
is not a,constant, but is dependent on either s or v or both.
That is for v and s constant i t  is  evident that
x - kym
It  is  possible tnat by p lo ttin g  x against v with y con­
stant that i t  may be discovered that x - kvn. In Figure 14, x as 
read from Figures 11, 12 and 13 has been plotted against v lor 
various constant values of y and lines drawn join ing points on the 
same slope. Although these points d© not l ie  as c lose ly  on a straight 
line as the plots of the x and y coordinates, the evidence is
that for any p a rticu la r  valye of y and s
x - kv11
ana therefore for any particular value of s
x - kymvn
in which k is  a function of s, m a function of s and v, and 
n a function of y and s.
Sect. 1.8. Qut^ide_^oe^^aJ iie-jxL .iiu -bkpQnant .al .y «- 11
w ill f ir s t 'b e  attempted, to fina tne value of m, tne exponent of y. 
For th is purpose the siope of each xy line has been read from Fig­
ures 11 , 12 and 13 and recorded in Table V. Tne values oi v were ^  
then plotted against m for each lin e , but as the slope of the xy 
lines could not be read with any great degree of accuracy the natur­
a l tendency of the lines througn the vm points was assumed ana the 
slopes reread to see how closely  tney would conform to the assumed 
tendency. Three d iffe ren t relations for the vm lines were assumed
24
And.the lines replotted to coincide with these relations as closely 
as possible
Tne re la tion  assumed f ir s t  was that the points lay on a straight 
line for any one value of s and that the lines determined for d i f ­
ferent values of s were p a ra lle l. This would mean that tne r e la t­
ion between v and m is  in the form v - pm+q in which p is  a 
constant and represents the slope of the vm lin es , and q is a
variable dependent on the value of s. The value of p was scaled 
from the vm lines and found to be (- )2 4 .6 . The next step was to
find the re la tion  between q and s. For tn is purpose s was p lo tt­
ed against q .Th e points f e l l  on a straight line* showing tnat the 
re la tion  between q and s is  in the form s - p ’ qq-k. The values
of p ’ and k as read from the sq line were 0.0059 and (->0,0786
respective ly . Substituting and transposing.it was found tnat
n u. 6.92s -p0.0407v-t-0.o42
The vm lines conforming to th is equation were drawn for values 
of s and the values of v and m were read from Figures 11, 12 and 13
so aS to conform as closely, as possible to the above re la tion  and
these values were also plotted* The discrepancy between tne calcu l­
ated and ooserved lines made it  evident that for the steeper invert 
slopes the slope of the vm lines (value of p above) was greater 
than that given by the preceding expression. For th is reason the 
rela tion  assumed f i r s t  was considered as not correct, and the graphic 
al analysis has not been included nerein.
The next rela tion  which was assumed was tnat the locus of the 
values of v when p.lotted against m was a conic whose- equation 
was in the form m *  0.5 — kvp which was used in the form
logk + plogv - logCO.5— m)
The lines formed on logarithmic paper with values of (0.5 —m) 
as absiccas and values of v as ordinates for d iffe ren t but con­
stant values o f s were equally spaced for equal variations in s.
I t  follows from the logarithmic equation above that when . v. equals 
unity k - (0.5 —m). I t  is  therefore true that
• a Css i nb -  - jQg0 #0068 — logk
in which Cs represents the distance which any (0.5 — m)v line is  from 
the line representing the value of s equal to zero and 0 is the
/
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complementary angle of the slope of these lines. By scaling from, the 
piot i t  was found that C - 12.5 Then substituting and transposing
- 1 _  __________
m ~ 2  ^ 2 .1 7 - f^ S a )
The vm lines conforming to .th is  re la tion  were treated as for 
the re la tion  previously assumed. In studying the resu lts i t  seemed 
that as the v e lo c it ie s  increased the values of m decreased too 
rap id ly. I t  was also evident that, the conic did not cross the 1~J 
axis at the point v - 0, m - 0,5, and in view of the results obtainjj- 
ed from subsequent studies of the middle and insiae curves a tnird 
assumption was made w ith  regard to the rela tion  between v and m.
Figure 15 is  a graphical representation of the re la tion  f in a lly  
assumed and adopted. This re la tion  is  such that the values of v 
when plotted against m for d iffe ren t '.a.lues of s, fa l l  on a series 
of straight lines converging at the point v - 0, m -  0.57. Under 
this assumption the rela tion  between v and m can be expressed in 
the form v - qm-pp in which both q and p are functions of s.
The values of q for d iffe ren t values o f s were scaled from-Figure 
15 and plotted in Figure 16. The points f e l l  upon a straight line 
giving the re la tion  between q and s in the form ( - )q  - rs-pk.
By scaling and computation i t  was found that the re la tion  between q 
and s was in the form. ( » ) q  - 1180s -p 20.1 The re la tion  between p 
and s was found s im ila rly  and plotted in Figure 16, and the re la t­
ion found that p c  0.57(1180s +  20.1) .  Substituting these values
in the orig ina l form of the equation between v and m
m - 0 .57- JL11 8s -p20.1
The vm lines conforming to th is rela tion  have been plotted in 
Figure 15 and the lines drawn through the corresponding values of 
v and m as reaa from Tables II and V, for d iffe ren t slopes have 
also been plotted in th is figu re. Tne fu ll lines represent the 
values as read from the tables; the dash lines represent the r e la t­
ion as expressed by the above equation.
The values o f m for a l l  three assumed rela tions were'studied 
and the results were compared with tne observations. The fin a l ex­
pression for m gave the most accurate results and was more in con­
formity with the results obtained by sim ilar studies of the inside
and middle curves. I t  was therefore selected as the expression for
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the exponentof y for the outside curve
I f  in the equation x x  kymvn the value of y is  unity, then 
x - kvr . Then by holding y equal to unity ana p lo ttin g  v against 
x on logarithmic paper, the exponent of v can be determined. Tnis
has been done in Figure 14 and the value of n read as 1 .0 regardless 
of the slope of the in vert. The slope of the xv lines is  not the 
same for d iffe ren t values o f y as is  shown in the figu re , but since 
the value of x for any value of y is  equal to the value of x 
when y is unity m ultiplied by y®1' the preceding method of finding 
InT is  correct.
The equation of the outside curve has now been developed to the
I t  now remains to find some re la tion  between k and x. 
peot. 20. Out side,,
When y is unity the value of k is  x/v. Values of k fo r d iffe ren t 
but corresponding values of x and' v were computed for a l l  runs 
and recorded in Table V i. A study of th is table w ill show that the 
value of k is  p ra ctica lly  constant for any particu lar value of s. 
The values of k were p lotted  against s in Figure 17 and a line 
was drawn tnrough the average value o f k for each value of s re ­
corded.
The equation of th is lin e  was determined by t r ia l .  I t  was 
concludea that the portion of the line within the lim its oi s 
ind 0.010 was s tra igh t, and for values of s less than 0.010 the 
equation became that of a curve in the form ksp - 1. Values of this 
re la tion  were determined by t r ia l  in such a manner that the value of 
k for values of s greater tnan 0.010 was changed by less than 
0*001, which is  a greater change than the accuracy of the computat­
ions w ill  permit. In other words the error introduced into tne 
expression for. the straight line portion by the expression for tne 
curved portion is  so small as to be jeyonci the lim its of the accuracj 
o f the computations. The value of k was f in a lly  expressed in verms
The lin e  determined by th is equation was plotted in Figure 17 and
form
of s as
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the result coincides s a t is fa c to r ily  with the observations*
The term 0 is  included in the above expression to care for that 
portion of the curve extending beyond the diagram for larger values 
of s. It_.is probable that the expression for k is  not true for 
much higher slopes because the value o f  k would become- negative 
for values of s greater than 0.072, which would, in turn, give neg­
a tive  values of x which is  unreasonable. Subsequent studies of otner
curves indicates that the curve between k and s becomes asymp­
to t ic  to some horizontal lin e , i . e .  the value of tc approaches a  
constant as s approaches in f in ity .
Sect. 21 . QutsldA.--Gur.yB-... Flnau-U1nrji^dLf^ JULa_ll^ ual±oii-- The 
fina l form o f the equation for the outside curve is
% =  | (fe )"(i)-r.S 3 + 0 .5 -1 3 j y J057-uoVTVUhy
This equation is  good only within tne follow ing lim its ;
Limits of s between 0.004 ana 0.023
Limits of v between 1.0 and 8.5 feet per second
Limits of diameter between 18 and 24 inches.
Limits, o f y between, 0.75 and 4.0 faet
There is  no certa inty as to the value of results computed from 
factors beyond these lim its . A more -extended discussion of th is point
is  given section 3 3 . The value of the term (io) (s )^  is  neg­
l ig ib le  for values of s equal to or greater than 0.010. Short cut 
methods, tables and diagrams fnr the solution of th is expression 
have been prepared ana are discussed in section .
Sect. 22. Inside Our_ve_._ G a n a ra d T h e  procedure followed 
in the deduction of the equation of the inside curve was sim ilar 
to that followed for the outside curve. % lues of y were plotted 
against x in Figures 13, 19 and 20, and of x against v in Fig­
ure 21 , from which i t  is evident that the middle curve is  also in the 
form
x - kymvn
Sect. 24. Inside. Ofurv:e_,._YgLiiiB-Qi.-iiu_S^paneni^M—y «- The 
values of the slope of the yy lines read from the plots in Figures 
18, 19 and 20 are recorded in Table V. The value of v was then 
p lotted  against corresponding values of m and but two d iffe ren t 
relations assumed, insteaa of three as for the outside curve.
The f ir s t  assumed re la tion  was that the points of the vm line
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lay on a straight line for any one value of s and that the lines 
determined by d iffe ren t values of s were para lle l ana equally spac1* 
ed. The equation for th is rela tion  was worked up, the lines plotted 
to agree with the equation and the values o f m reread from the xy 
lines were also plotted against v. I t  was evident, as in the attemp- 
for the outside curve, that th is assumed rela tion  did not give a suf­
f ic ie n t ly  steep slope to the vm lines for the larger values of. s. 
The re la tion  was not used as a result*
The second rela tion  assumed was sim ilar to the fin a l rela tion
assumed fo r  the outside curve, that is ,  that the values of v whan 
p lotted-against m would fa l l  on a series of straight lines deter­
mined by d iffe ren t values of s, and that these lines would converge 
at a point where v - 0 and m z  1 • 095 • The re la tion  between m, v, 
and s, was determined in the same manner as for the outside curve 
and the result reached that
v
'vn — 1.085 - 47oS^.5;4
The dash lines in Figure 22 have been plotted in accordance 
with th is equation. The fu ll  lines are determined by the values of 
v and m as read from Tables II and V. The agreement between the 
assumed (dash) lines and the observed ( fu l l )  lines is  graphically 
shown. Although there is  a greater d iscrepancy between the results 
for the inside than for the outside curves, the accuracy of the ob­
servations was also of a lower degree. The amove expression has oeen 
accepted as fin a l for the re la tion  between m, v, and s for the 
inside curve.
The value3 o f v have been plotted against x in figu re 21 with y 
as unity. As in the case of the outside curve , when y is  unity 
x - kvn for the inside curve. Then by reading the slo^e of trie vx 
line when y is unity, from Figure 21 the value of n was deter­
mined as 1-.4
The equation for the inside curve has now been reduced to the 
form [1.085-
k  >
-470 S-hSW t) 1-4-
V
It  now remains to find some rela tion  between k and x. 
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V contains the values of k computed from the rela tion  that k.
when y is unity. I t  is  evident from th is table that the value of 
k is  p ra ctica lly  constant for any particu lar value of s, and that 
i t  is  independent of values of v, or x. The values of k nave 
been plotted against s in Figure 23, The equation of the line 
drawn through average values of k was determined by t r ia l  to be
It  is  to be noted that th is is  in a somewhat d iffe ren t form from tne 
expression for k for the outside curve. I t  was determined on tne 
assumption that the curve followed the law k = % p + C , which is 
the equation of a curve asymptotic to the Y-Y axis and to a line para­
l l e l  to the X-X axis through tne value of the ordinate C-|. This 
equation was rewritten in the form logK-t-^logS - l o g ( ^ r ) .  Since C 
and Cj are constant the coordinates of any point substituted in this 
expression should equal the result obtained by substituting tne co­
ordinates of any otner point in the expression. The substitution of 
the two extreme points, with s ^ 0.004 and 0.023 was made and the 
results equated. C-| was assumed to be 0.5 and tne value of p deter­
mined as 1.5. The equation was then rewritten as k = ^ s '+' ° - 5r 
and the value of C determined by substituting the ’a  lues o f k and 
s for any poin t. The value o f C was thus determined as 0.000033 
and the resultant expression as k~Q'0^ ° 3~ -t- o>5  This curve was 
p lotted and found to be unsatisfactory. The values o f p and 01 
were readjusted by t r ia l  and the d iffe ren t curves plotted until a 
sa tis factory  result was obtained. The t r ia ls  were made with tne know­
ledge that by increasing the exponent p o f the denominator tne 
curvature wa,s increased; by adding a constant to the denominator the 
curve ms sh ifted  from le f t  to right or right to le f t  according as 
the sign of the constant ms plus or minus; and that by increasing 
the value of the curve was raised, or by decreasing i t  the
curve was lowered.
The line determined by the fin a l value of k in terms o f s 
is shown in Figure 23. This line seems to be more reasonable than 
the one for the outside cur^ because the value of k approaches 
a constant (in  th is case 0.039) as s approaches in f in it y .  Error in 
extending the equation for steeper slopes than those observed snouid 
not be so great as in the former case.
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22>»-ingida_Cuoe_«,, Final. JEorjn^oLiha. EmaAion* 
fina l form of the equation o f"th e inside curve is
The
00037 +  .03^ 1h
jj.085- -470 5+ i, .1'+
A discussion of the accuracy of results to be obtained ty ex­
tending this equation beyond the lim its o f the observations is  to be 
found in section 3 3  • Short cut methods, tables ana diagrams have 
been prepared for the solution of the eqiation . Tney are discussed in] 
section 3 !>
Sect* 28.,....Mi.dd.le g j ir jB ^ ia a n f l ja lW ith  the experience
gained from the determination of the equations for the inside and out 
side curves the procedure for the determination of the equation of 
the middle curve was s im p lified .
The values of y were plotted against x in Figures 24, 25 and 
26 and the values of x against v in Figure 27. The rela tion  
was found to be in the typ ica l form x - kymvn .
Seel,,. .Sifoonflnl-QJLjg» - The
values of v were plotted against m and the general tendency of the 
vm lines was observed. I t  was assumed that the vm points f e l l  
upon a straight line for any particular value of s, and tnat the 
lines determined by d iffe ren t values of s converged at a point whose 
coordinates were m equal to unity and v equal to zero. The 
ecuation of.these lines was determined, as in the preceding examples,
to be h n — I — v The lines determined by th is express-5 5 O S I~6m5
ion have been plotted as dash lines in Figure 28 and the actual 
values of v and m have also been p lotted as fu l l  lines in this 
figu re . The agreement between the observed and calculated lines is 
s u ffic ien t ly  accurate for use.
Sect. 30. Middle,. ; - The
value o f x was plotted against v with y as unity, in Figure 27 
The slope o f th is line gives the exponent of v as 1 .3^
The equation is now in the form =• k. 1*~
and i t  remains to determine the value of k.
Sect. 31 . , Mi,ddle Curve. ia isa t-
Table V contains values of k computed from the rela tion  tnat 
k -  -^3when y equals one. These values are plotted against s 
in Figure 29, and the re la tion  between k and s determined as
before to be (  b l 5
k - l <io)*
-  55 +-• zo4
)
G
7
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equation of the middle curve is
 ^ {} “ ^SOS + 6 . 5 3
£ o x f f i . j o . L J b j i f t !- The
fin a l form for. the
A discussion of the accuracy o f results to be obtained by ex­
tending this equation' beyond the lim its of the observations is  to be
found in section 33 . Short cut methods, tables and diagrams have 
been prepared for the solution of the equation. They are discussed in 
section 35",
Sent. 33iT Use Of Squations...Be.^ind-..liaits., .Of T ests :- With .. 
the empirical expressions in hand, deduced from observations made 
between fixed lim its of certain conditions, i t  is  desirab le to know 
to what extent i t  w ill be safe to use the relations beyond the 
lim its within which the tests  were made.
Consider f i r s t  the e ffe c t  on the middle ana inside curves of 
the use of a d iffe ren t diameter of pipe than one between the lim its 
of eighteen and twentyfour inches. I f  the ra tio  between the bottom 
ve loc ity  and the mean ve lo c ity  of the stream is  constant, a change 
in the diameter of the pipe should not a ffe c t the curves. No d i f f e r ­
ence is notie®,ble between the results obtained in the experiments 
on the eighteen and twentyfour inch pipes for any of the curves 
studied. In the words of Professor Dwight Porter in his monograph on 
Hydraulic Measurements! "There has been much d iv e rs ity  of opinion 
as to the geometrical curve best representing the d istribu tion  of 
v e lo c it ie s  in the ve rtica l (p lane), and investigators nave variously 
found i t  to be the ordinary parabola with Horizontal a x is *•• Metc\. 
Each of these may perhaps best f i t  some particular set of experi­
ments. . . . .  .but the most extensive series of observations, such as 
those of Humphreys and Abbot, E ll is ,  Cunningham, and others have led 
th eir authors to adopt the common parabola with horizontal axis as 
the typ ica l curve, and th is is  now very generally assumed."
I t  follows that although there may be some doubt as to the ex­
act ra tio , the ra tio  between the mean ve loc ity  and the ve loc ity  at 
any particular re la tive  depth is generally assumed as constant for 
a l l  streams provided the condition of the' channel sides remains 
the same. Upon th is basis i t  would be safe to extend the equations 
herein deduced for the inside and middle curves to any diameter of 
pipe. The d iffe ren t character of the outside curve might a ffe c t 
the condition of the inside and middle curves, however.
The e ffe c t  on the outside curve of a change in the diameter of
the pipe may be Quite d iffe ren t since the coordinates are to be 
measured from the lip  of the weir and not from the surface of the 
stream. I f  the hydraulic elements of a circu lar section-be shown 
-graphically, as in Figure 10, i t  is evident from the shape o f . the hy­
draulic radius curve that i f  the diameter o f the pipe be increased 
to maintain the same hydraulic radius when the pipe is  flowing part 
fu l l ,  the depth of flow'must be less. The greater the slope of the 
invert the greater the v e lo c ity  of flow , and tne greater the hydrau­
l ic  radius the smaller the correction in the depth of flow for an in ­
crease in the diameter. This means tnat the equation for the outside 
curve i f  extended to large diameters of pipe would give too large a 
result for x for any one value of y, since the larger the diameter 
tne lower the 's ta r t ' of the leaping point, that is ,  the stream in 
the larger pipe has the greater handicap in the broad Uump. A close 
approximation to the true curve could probably be reached by apply­
ing the equation deduced herein with the value of y corrected by 
the d ifferen ce  in the depth of flow between that in a twentyfour 
inch pipe and in the larger pipe used when the v e lo c ity  and slope 
in each pipe are the same. That the d ifference in the result is  
lik e ly  to be small is indicated by the insign ificance of the d i f f e r ­
ence in the results obtained in the eighteen and twentyfour inch 
pipe tested. This correction for depth of flow would not be absolute­
ly accurate because of the e ffe c t of the change o f section of the 
stream caused by the drop down curve. The steeper the slope the more 
accurate the correction because the drop down is  less on steep tnan 
on f la t  slopes. The drop down curve becomes tangent to the surface
of the water in tne pipe for any siope. Since the to ta l drop down is 
a function o f the slope as well as the depth o f flow , a correction 
fo r  the depth of flow only is  not a i l  that is  necessary, but w ill 
aid in approaching the truth.
The equation of the dropdown has not ueen computed. The general 
form for a c ircu lar channel would be very complicated, ana would be 
of l i t t l e  benefit in th is work. For any particu lar case i t  is com­
parative ly  eas ily  determined by a 'cut and tr y ' method.
Considering now the e ffe c t of applying the equations to f la t te r  
slopes than were tested, i t  is  eviaent from Figures 17, 23 and 29 
that the result might be a serious error because of the rap id ity  with 
which the values o f k are changing. The values of vn and ym do not 
change very rap id ly with changes in s so that they would have 
l i t t l e  e ffe c t  in reducing the rap id ity  of change in the value of x 
for the small slopes.
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For slopes greater than 0.023 the change in k is  not so rapid and 
the error in using steeper slopes w ill  not be so 'g rea t.
I t  would seem safe to extend the results to higher ve lo c itie s  
than those used in the experiments because where v has been plotted 
against x, as in Figures 14, 21 and 27 the points have laid very 
c lose ly  on a straight lin e with no decided tendency at either extrem­
ity ,  except that in the xy lines there is  a s lig h t , but almost in­
s ign ifican t tendency for these lines to curve as the ve loc ity  increa­
ses. Figures 31, 32 and 34, which are explained in section 3^ show 
that for v e lo c it ie s  higher than about ten feet per second tne equat­
ions of the d iffe ren t curves w ill give a larger value of x for the 
inside or middle curve than for the outside curves. These discrepan­
cies are probably n eg lig ib le  for v e lo c it ie s  below ten feet per second 
which is  as high as should be used in a well designed sewer.
In .b r ie f,  i t  would seem safe to apply these equations for the 
inside and middle curves to pipes of any diameter; the equation of 
the outside curve could probably be applied to pipes of any diameter 
provided the value of y were corrected by the change in flow nece­
ssitated in the new diameter of pipe to maintain the same hydraulic 
radius as in  a twentyfour inch pipe on tne same slope and with the 
same v e lo c ity . The application of these formulae to pipes on f la t t ­
er slopes than 0.004 is  unsafe out the curves may be extended to 
s lig h t ly  steeper slopes, particu larly  the equation of the inside 
curve. The equations may be used for a l l  v e lo c it ie s  between one and 
ten feet per second, which are the ordinary lim its for v e lo c itie s  
in well designed sewers.
Sect. 34, Acc.ur.a.uy^^l.Resul t s  - The values of x have been} 
computed for every run from the empirical equations and compared 
with the observations. The results have mean recorded in Tables V II, 
V III and IX and have been shown graphically in Figure 30. The d is ­
crepancies have been calculated on the basis that the observed result^ 
are correct, j/hich is  not necessarily true. Tne degree of accuracy 
of the results is  far from sa tis factory , but i t  is  not beyond the 
lim its within which the results may be used for actual design. As 
explained in section 38 , in the construction of the leaping weir 
the lower l ip  should consist of a movable cast iron shoe with a play 
of two and a ha lf to three inches on e itner side of the calculated 
value of x. A fter the construction of tne weir the lower lip  can be 
adjusted to the correct position .
I t  is  evident from the results shown in Tables V II, V III and IX 
that the largest error fo r  any one run was about fo rty  percent and 
that approximately sixtyseven percent of a l l  of the runs were 'below
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TABLE V
VALUES OF m, THE'"EXPONENT OF y, READ 
FROM THE LOGARITHMIC PLOTS OF y AGAINST 
X , FIGURES 11 , 12 , 13, 13 , 19 , 2 0 , 2 4 , 
25  AND 2 6 , FOR THE INSIDE, MIDDLE, AND 
OUTSIDE CURVES.
ctr 
Z  co V a l o e o f  m
or
Z  DO Vo,l yJGo f  m.
=> £  
pr = In s id e Middle Outside
£  £  or
z Io-s id 6 Uiddle Outside
6 0 .6 8 .445 195 0 .3 8 0 .4 0 0 .3 3
7 0 .5 4 0 .3 7 196 0 .4 5 0 .4 7 0 .3 7
8 0 .5 0 0.41 197 0 .5 2 0 ,4 5 —
9 0 ,6 4 0 .4 0 198 —  — -------- 9 0.41
1 0 0 .7 9 0,48- 199 0 .5 6 0 .5 6 .395
11 0 .5 7 ------ . ------- 0 ,3 8 200 0 .7 0 ,655 0 .4 5
12 0 .5 2 0 .4 0 201 0 .3 7 0 .4 0 —
13 0.51 0 .4 0 202 0 .4 6 0 .4 3 0 .3 5
14 0 .5 2 .435 203 0 .5 5 0 .4 7 0 .35
15 0 .73 .465 204 0..85 0 ,7 7 0 .4 5
16 0 .5 5 0 ,4 5 205 0 .6 5 0 .5 8 0 .43
17 0 .7 5 0 .4 8 206 0.61 0 .5 5 0.41
18 0 .9 3 * » _ « . * * .  ■ 0 .5 2 207 0 .4 9 0 .4 5 0 .4 0
19 0 ,5 3 0.41 203 0.811 0 .7 4 0 ,4 9
20 0 .5 4 -n__r„ 0.41 209 0 .6 7 0 .6 0 0 .4 3
21 - 0 .3 8 210 0 .5 5 0 .5 4 0 .4 0
22 0 .5 3 0 ,4 0 211 0 .4 7 0 .4 8
23 0 .6 0 0 .4 3 212 0 .4 2 0 .4 4 0 .3 6
24 0 .8 3
.So-N-T*- 0 .47 213 .345 0 .3 8 0 .2 4
25 0.91 0.51 21 4 0 .7 8 0 .7 7 0 ,4 7
26 0 .7 6 0 ,7 8 0 ,4 6 215 .745 0 .6 9 0 .4 5
27 0 .6 6 0 .6 2 ,435 216 0.61 0.51 0 .4 0
28 1 ,20 0 .7 3 0 .5 0 217 0055 0 .5 5 .395
29 . _ _ ------- -------- 0 .3 8 218 0 .4 8 0 ,4 7 .365?
30 0 .5 0 --------------- 0 .4 0 219 0 .4 0 0 .43 —
31
32
33
34
35
0 ,6 0
0 .5 6
0 .7 0
0 .7 5
0 ,8 0
0 .5 5
0 .5 3
0 ,6 5
0 .8 0
0 .8 3
.385
.385
0 .4 4
0 ,4 7
0 .5 0
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TABLE VI
VALUES OF K IN THE EMPIRICAL EXPRESSIONS FOR THE 
INSIDE, JMIDDLE, AND OUTSIDE CURVES, AS COMPUTED ' 
FROM THE'OBSERVED VALUES OF x AND y .
itu£0
V q 1 v c  o f  ^
Slope Inside Middle Outside
UicD 
3 §
fC
Value o f P.
Slope Inside Middle Outside
6 .005 .132 —--. — — .444
7 .005 .124 —- ------ .474
8 .005 .130 — .436
9 .005 .125 --- - „ .441
10 .005 .149 . . 4 5 1
11 .023 ,0697 -----— •312
12 .023 .0680 ----<--- .295
13 .023 .0658 .276
14 .023 .0686 — -- .291
15 .023 .0929 .157 .362
16 ' .004 .162 ,218 .487
17 .004 .155 .185 .462
18 .004 .256 .598
19 .004 .142 ------- . .502
20 .004 .136 ___ .465
21 .007 .1055 ---- '.“443
22 .007 .0943 — --- .440
23 .007 .1080 —__—. — ,422
24 .007 .1009 .446
25 ,.007 .1675 .218 .476
26 .010 .0795 .177 .418
27 .010 .0836 .129 .404
28 .010 .0920 .194 .451
29 .010 .0944 ------ _ .398
30 ,010 .0978 ,1 3 0 _,R79_
31 .018 ,0580 .132 .337
32 .018 .0603 .0892 .350
33 .018 .0565 .1042 ,355
34 .018 .0589 .0878 .341
35 .018 .1198 .1590 ,364
195 .005 ,132 .171 .477
196 .005 .133 .158 .455
197 .005 ,137 .181 ----- ---
198 .005 .126 — --------- .475
199 .005 .121 .161 4 433
2,00 .005 .112 . ,151 .439
201 ,006 .121 .155 ----------—
202 .006 .122 ,143 .455
203 .006 ,123 .159 .454
204 .006 .112 .167 .455
205 .006 .096 ,142 ,419
206 .006 .091 .149 .426
w ,00$ .1,14 .159 .433
208 .009 .0952 .175 .436
209 .009 ,0888 .138 .403
210 .009 .0870 .133 .375
211 .009 .0844 .125 .388
212 .009 ,0915 .133 .403
2,13 ,009 .1040 .132 .-.-5 ,
214 ,014 .0771 .127 .373
215 .014 .0805 .127 .391
216 .01 4 .0699 .106 .371
217 .014 .0718 ,107 .350
218 ,014 .0746 .109 .365
219. ,014 .0845 .107 .376
TABLE VI I
COORDINATES OF INSIDE CURVE 
CALCULATED -AND 'OBSERVED
Qd
_  W Z  <D
=> E
V a lue  o f X in fee t
Disc repancy
od 
2 ID
Value o f  X , In f e e t
DiscrepancyO b s e rv e d Calculated. O bserved Calculated
or o  
z t z  1 y = 3 y« i / = 3 y - j y = 3
£r  o  
z. / - 1 Y t 3 y - j y»_3 y-1 y-3
6 0.67 1 .40 0,66 1 .39 -.01 - o r 195 1 .45 2.16 1 .45 2.19 0.00 ,03
7 1 .07 1 .92 1 .1 1 1 .90 .04 - .  02 196 1 .23 1 .97 1 ,21 2.00 ,.02 .03
8 1 .07 1 .87 1 .03 1 .84 -.04 -.03 197 1 .23 2.12 1.15 1 .93 -.08 -.19
9 0.79 1 .59 0.83 1 .62 .04 .03 198 0.94 1 .63 0.98 1 .76 .04 .08
10 0.48 1.12 0.42 1 .01 -.06 - .1 1 1 199 0.86 1 .59 0.92 1 ,71 .12
11 1 .36 2.74 1 .32 2.48 -.04 rc.,26 200 0.57 1 .21 0.65 1 .36 .08 .15
12 1 .26 2.21 1 .22 2.32 -.04 .11 201 1.45 2.19 1 .40 2.10 -.05 .01
13 1 .19 2.08 1 .19 2.30 0.00 .22 202 1 .33 2.18 1 .28 2.20 -.05 ,02
1 4 0.93 1 .68 0.91 1 .94 .02 ,16 203 1 .23 2.27 1 .16 1 .93 -.07 -.34
15 0.68 1 .51 0.49 1 .22 — 1.9 r .29 204 0.38 0.97 0.40 0.97 .02 0.00
16 0.85 1 .57 0.79 1 .59 -.06 .02 205 0.62 1 ,27 0,76 1 .51 .14 -.24
17 0.55 1 .20 0.53 1 .21 -.02 .01 2 ; 6 0.82 1 .49 0.93 1 ,66 .11 ,..17
18 0.30 0.82 0.18 0.50 -.32 207 1 .05 1 .80 1 , r 6 1 ,73 .01 -.07
19 1 .01 1 .80 1 .06 1 .91 .05 — * u 208 0.37 0.97 0.37 0.90 0.00 _.07
20 0.92 1 ,70 1 .00 1 .82 .08 __d2 209 0.68 1 .40 0.72 1 .45 .04 .05
21 1 .1 0 1 .86 1 .11 1 .88 ~ ,oT .02 210 0.87 1 .58 0.93 1 .69 VO,6 .11
22 0.84 1 .50 0.95 1 .71 __ .jJL .21 211 1 .03 1 .75 1 .13 1 .38 .10 t J 3 ' i
23 0.78 1 .43 0.73 1 .47 0.00 ,04 212 1 .23 2.10 1 ,26 2.02 ,03 -.08
24 0.46 1 .15 0.48 1 .06 .02 -.09 213 1 .61 2,28 1 .46 2.15 -•15 - ,13
25 0.34 0.91 0.20 0.54 -.14 -.37 21 4 0,41 1 .05 0.42 1 .01 .01 -.04
26 0.42 0.98 0.47 1 .09 ,05 .11 215 0.58 1 .31 0,57 1 .30 -.01 -.01
27 0.65 1 .35 0.70 1 .45 .05 _.10 216 0.80 1 .59 0.90 1 .75 ,10 ,16
28 0.25 0.85 1 .25 0.67 0.00 -.18 217 0.95 1 ,75 1 .05 1 .92 .10 „_.;i_7
9 0 1 9 4 9  00 1 18 1 .96 -.06 -.04 218 1 .26 2.02 1 ,33 2.20 .07 1 8
30
I *  4E 
1 .06 1 .85 0.98 1 .76 -.08 ^.09 219 1 .60 2.28 1 .50 2.34 -.10 .06
31 0.84 1 .64 1 .03 1 .99 .19 _.35
32 1 .05 1 .93 1 .25 2.25
33 0.58 1 .25 0.72 1 ,57 .14 , .32
34 0.49 1 .13 0.59 1 .36 _.10 .23
35 0.42 1 .02 0.25 0.68 17 ^.34
Note. Underlined figures indicate that the percent of 
error is  greater than ll've .
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TABLE IX
COORDINATES OF OUTSIDE CURVE—— r   - -_ wZ CQ Valve. of X, in Fe,et discrepancy
~ -*r~UiZ to d r
Value op 3C In Feet
Pi’scre pancyObserved Calculated Observed Calculated
y-.i y-s v- i y=i x=3. § .OfeJLJ y- 3 X U - Jfe.iL J fe JJ j t d L6 1 .42 2.35 1 .45 2.36 .03 .01 ” 1 95 2.65 3.88 2.51 3.72 ^.14 -.16
7 2.20 3.27 2,10 3,24 -.10 -.03 ' 196 2,23 3.40 2.21 3.38 -.02 -.02
8 1 .90- 2,96 1 .96 3,04 .06 .08 197
9 1 .64 2.63 1 .69 2.70 .05 ,07 1 98 2,00 2.99 1 .90 2.98 -.10 -.01
10 1 .05 1 .79 1 .04 1.78 -.01 -.01 199 1 .75 2.72 1 .32 2.86 .07 .14
n '2.62 3.99 2.41 3.72 -.21 .--♦-27 200 1 .40 2.30 1 .42 2.31 .02 . ,01
12 2,37 3.69 2.30 3.56 -.07 -.13 201
13 2.18 3.42 2.25 3.48 .07 ,06 202 2.52 3.75 2.41 3.59 -.11 -.16
14 1 .88 3.01 1 .85 3.07 -.03 ,06 203 2.35 3.45 2.24 3,43 -.11 -.02
15? 1 ,50 2.48 1 .18 2.02 -.32 -.46 204 1 ,09 1 .81 1 .05 1 .30 -.04 -.01
16 1 .59 2.55 1 .55 2.51 1734 -.04 205 1 .59 2.55 1 .65 2.64 .06 .09
17 1 ,14 1 .94 1 .16 1 .95 ,02 .01 206 1 .37 2.90 1 .91 3.00 .04 .10
18 0.67 1 .1 7 0.54 0.97 -.13 -. 20 207 2.11 3.29 2.14 3.30 .03 .01
19 2.03 3.18 1 .92 3.00 -.11 e^.18 208 1 .15 1 .99 1 .07 1 .84 -.08 -.15
20 1 .82 2.88 1 .86 2.92 .04 .04 209 1 .72 2.79 1 .72 2.76 0.00 -.03
21 2.36 3.57 2.25 3.44 -. 11 -.13 210 1 .94 3.03 2.08 3.22 .14 .19
22 2.10 3.23 2.01 3.12 -.09 -.11 211 2.32 3.50 2.39 3.o0 .07 ,10
23 1 .65 2.66 1 .65 2.64 0.00 -.02 212 2.58 3.75 2.60 3.87 ,02 .12
24 1 .32 2.20 1 .25 2.07 -.07 -.13 213 3.20 4/21 2.89 4,19 -.11 -.02
25 0.79 1 .37 0.70 1 .23 -.09 -_.J„4 214 1 ,23 2.00 1 .27 2,17 .04 .1 7
26 1 .37 2.13 1 .30 2.16 -.07 .03 215 1 .60 2.06 1 .47 2.43 -.23
27 1 .75 2.82 1 .73 2.78 -.02 -.04 216 2.11 3.29 2.03 3.19 -.08 -.10
28 0.92 1.58 0.82 1 .43 -.10 -.15 21 7 2.22 3.41 2.26 3.50 .04 .09
29 2.50 3.76 2.50 3.78 0.00 .02 218 2.75 — 2.70 4.02 -. 05
30 2.08 3.18 2.19 3.40 ,11 , .22 219 3,08 — 2.91 4,25 -.17 —
31 2.28 3.46 2.15 3.35 -.13 1 1
32 2V70 4.05 2.50 3.85 ,-.20 -.20
33 1 .88 3.00 1 .71 2.77 -.17 -.13
34 1 .55 2.60 1 ,46 2.42 '-.'09 -.18
35 0.89 1 .54 0.89 1 .56 0.00 .02
#note; The results from th is observation have disagreed 
with the other observations throughout a i i  of the 
runs.
Underlined figures indicate tnat the percent of error 
is greater than f iv e .
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CHAPTER V
—----lDESIGN OF LEAPING WEIRS*-------
He-Ct* 35. PorMiiflA-ADd-Plagiajas• - In the design of a leaping 
weir by the method proposed in th is thesis, i t  w il l  be necessary to 
solve one or a i l  of the equations for the inside, middle and outside 
curves. To fa c i l i t a te  th is solution Figures 31 , 32, 33 and 34 have 
been preps,red.
In order that the coordinates of a point may be determined, the 
slope of the invert and the ve loc ity  of the approaching stream must 
be known. Figures 31, 32 and 34 w ill give the value of x when y 
is  unity, on the respective curve desired. For any other value of y 
th is value of x (when y is  unity) must be m ultiplied by the new 
value of y raised to the mth. power. Figures 35, 36, and 37 
g ive the values of m for d iffe ren t values of slope and ve loc ity  on 
the three d iffe ren t curves and Figure 33 gives the value of ym for 
a l l  ordinary, values of y • and m.
For example, let i t  be recpirea to find the abscissa of a point 
whose ordinate is 3.5 feet on the outside curve of a stream with a 
v e lo c ity  of approach of 4 feet per second, leading from a sewer on a 
grade of 0.010 From Figure 31 the vaiue of x when y is  unity is
1.60 From Figure 35 the v&lue o f m when s is  0,010 and v is 
4.0 is 0.445 From Figure 33 2.5"'*4‘+^  is  1.5 The required value
of x is  then C1 *50)(1.60) or 2.40 fe e t .
S e c 3 4 « ^ iiys^M £aii^^JL '£kLsiiag-J& ix»- .The use of . the
diagrams in the investigation  of an existing-w eir is  more simple than 
th e ir use in the design of a new weir.
Figure 5, showing the existing weir at Biackhoof S t . ,  Wapkoneta 
Ohio, w ill be taken as an example fo r investigation . The diameter of 
the pipe is  eighteen inches, and it s  slope, though not shown, w ill 
be assumed as O . Q i T h e  coe ffic ien t of roughness in Kutter’ s form­
ula w ill be taken as 0.015 for v it r i f ie d  sewer pipe.
___  L_________________
O a 5-
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The coordinates of the lower lip  of the weir are x ^ 0.92 and 
y s  0.75
The.information ord inarily  desired for a weir is ,th e  rate of 
flow over the weir which is  necessary to start a discharge from the 
overflow and the rate of flow over the weir at which the dry weather 
interceptor w ill cease to discharge. The f i r s t  rate of flow w ill 
also represent the fu ll capacity of the in terceptor.
The f i r s t  condition requires that ih'e coordinates of a point on 
the outside curve shall be (0.92; 0.75) This can be solved most
eas ily  by a method o f t r ia l .  I t  is  Known that the value of x, when
y is one,multiplied
1 s t .
by 0.^5® is  equal to 0.92 
*
Assume v - 3 f t .  per second 
then x for y .- 1.0 (F ig  31 ) 
(F ig . 35) is  0.455
is  1*35 and m & t*
then ym (F ig .33) is  0.88 and X is . (1 .35K0.88) 
which gives a value too large
2nd. Assume v - 2.5 feet per second
then x for y - 1.0 is  1.13 and m is  0.474
then ym i S 0,88 and x is  (1 .13 )(0 .88 ) - 0.99, 
which again gives a value too large*
3rd. Assume v - 2.3 feet Per second
then x for y - 1 is  1.04 and m is  0.476
then ym is  0.88 and x is (1.04)(0.83)^0.92
The ve loc ity  in the sewer as the overflow begins to discharge 
is therefore, 2.3 f t .  per second. From Xutter’ s formula i t  is  found 
that the v e lo c ity  of flow when the sewer is  fu ll is  4.90 feet per 
second, and the rate of discharge is  8.6 cubic feet per second.
From Figure 10 , when the ra tio  o f the ve loc ity  part fu ll  to the ve lo ­
c ity  when fu ll  is  0.47, the depth of flow is  about 0.21 f t .  and the 
rate of discharge is  about 0.344 cubic feet per second. That is  to
say, the capacity of the dry weather interceptor should be 0.344 
cubic, fe e t per second, ana the overflow w ill begin to discharge
when the rate of flow in the main sewer exceeds th is rate.
The second condition requires that the coordinates of a point
_  _  ......... !  ^ — '
on the middle^ curve shall be (0.92; 0.75) A method of t r ia l  is to
be followed;
1st. Assume v - 4.3 feet per second.
then x for y ^ 1 ( f ig .3 4 )-1 . 10 & M(Fig.36L .535 
then yni (F ig .33) is 0.86 and x i s , (1 .10)(0 .86) 
which equals 0.95. Too large a value.
i 2nd. Assume v - 4.2 feet per second
then x for y - 1 is  1 .07 and m is  0.520
then ym is 0.86 and x is  (1 .0 7 )(0.86)3. 0,92
When the dry weather interceptor ceases to discharge the velo­
c ity  in the contributing sewer is  4.2 feet per second, which is 88% 
of the fu ll v e lo c ity . From Figure 10 the rate of discharge is  31%
of the fu ll capacity of the sewer or 2.66 cubic fee t per second, and ,
the depth of flow is  0.58 fea t. That is  to say when the contributing
sewer is discharging at about one th ird of its  capacity the ary 
weather in tercepter ceases to ac t.
Sect. 37. The..De s ign Of A Leaping. W e i r Local conditions 
and other considerations must determine the diameter of the contri­
buting or in le t  sewer, the slope of th is sewer, its  coe ffic ien t of
roughness, the fu ll capacity o f the dry weather in tercepter, and 
the rate of discharge from the overflow when the intercepter is  to 
cease discharging.
For the purpose of illu s tra t io n  a i l  o f these factors w ill  be 
assumed as for the Biackhoof Street weir just studied. In th is case 
the fixed conditions are; Diameter, 13 inches; slope 0. 010; c o e f f i ­
cient of roughness 0.015; capacity of the dry weather in tercepter, 
0.344 cubic fe e t per second; ana the amount ueing aisoharged from 
the overflow when the intercepter ceases to discharge is 2.66 cubic 
feet per second.
An 18 inch sewer on a grade of 0.010 has a capacity, when fu l l ,
^Footnote; The inside curve is  o f l i t t l e  practica l value as it  
represents l i t t l e  more than the spray due to the breaking up of the
stream.
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has a capacity of 8.6 cubic feet per second and a ve loc ity  o f 4,9 
feet per second. When discharging at the rate of 0.344 cubic feet per 
second, or at 4% o f its  fu ll capacity, the. ve loc ity  w ill be 47% of 
the fu ll  v e lo c ity  or 2.3 feet per second. When discharging at the
rate of 2.66 cubic feet per second, or at 31% of it s  fu l l  capacity,
the ve lo c ity  w ill be 88% of the fu ll v e loc ity  or 4.2 feet per second.
These ratios were read from Figure 10.
The abscissa of the middle curve, when y - 1 .0 and v- 4,2 feet
per second is  1.07 (F ig . 34) and the abscissa of the outside curve
when y - 1.0 and v - 2.3 feet per second is  1.04 (F ig . 31) The 
value of m for the middle curve is  0.520 (F ig . 36) and for the out­
side curve is 0*476 (F ig . 35), therefore:
.044,476 . n-. .521.07 y ana - 0.9731 .04 y
which reduces to y - 0.536
I t  is not possible to read the abscissas of the curves from 
Figures 31, 32, and 35 to the nearest 0.01 foot, and a discrepancy 
o f th is much w ill  m aterially a ffe c t the value of y when solved by 
the above process, for example, assume that
Solving y - 0.661 or assume1.04 y *476 - 1 .06 y *D2
1.05 y *4 6 -  1.06 y ,5£ • Solving y -  0.832
Since such a small discrepancy in reaaing the abscissas, when the 
value of y is  one w ill make such a large d ifferen ce in the fin a l 
value of y, a method of t r ia l  in which the-values of y are assumed
until the abscissas o f -the points on the two curves become equal w ill 
g ive  more accurate resu lts. Following th is procedure; i t  is  evident 
from the values of the abscissas when y ^ 1 that the desired value 
of y is  less than 1. It  w ill f i r s t  oe assumed that y - 0.5.
Then (1 .0 4 )(0 .5 )*476 - (1 .07 )(0 .5 ) and solving 0.748 - 0,746
Now assumed that y -  0.75, then (1 ,0 4 )(0 .75 )*476 - (1 .07)( 0.75) *d2 
and solving 0.907 - 0.910
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It  becomes evident that the value of y can be selected within 
a re la t iv e ly  large range, providing the corresponding -value o f x is 
selected. Any value of y between 0.5 and 1.0 would probably be
su itab le, but one foot would probably give the most re lia b le  results 
since the diagrams may not be re lia b le  for values of y less than 
0.75 of a foo t.
The design of leaping weirs by th is method w ill probably give 
greater accuracy than a design by the method credited to Unwin and 
described in section 4. The discrepancy between Unwin's method and 
the observations are shown in Table I .  The discrepancy between the 
results of the preceding method and the observations are shown in 
Tables V II, V III and IX, ana in Figure 30
Sect.. 38. Structural,.Features, Qf_.A..,LBauing_Jair»- The low­
er l ip  of the leading weir w ill be subjected to rough usage due to 
the impact of fa ll in g  ob jects. To res is t this wear the lip  should be 
made of a heavy cast iron plate as shown in Figure 5, i t  is  desirable 
to have th is plate adjustable within 2 1/2 to 3 inches on either 
s ide of the computed value of x in order that proper adjustment 
may be made a fte r  in s ta lla tion .
In oraer to apply the preceding method of design the up^er lip  
should be smooth and c ircu la r. No unusual protection against erosion
need be given to the upper l ip , unless the character of the sewage 
is unusually g r it t y ,  or the material o f the weir is  s o ft . In Milwau­
kee the upper and lower lips in brick and concrete sewers have been 
made of a hard gran ite; See. Figs re 2.
I t  is  sometimes desirable to place a g r it  chamber above the 
weir to protect the dry weather interceptor from the materials which 
would be dropped into i t .  Since the interceptor is  usually smaller 
than the in le t sewer, there is  a p o s s ib ility  that i t  may become 
clogged, particu larly  i f  the v e lo c ity  is  not maintained as high as 
in the influent sewer.
..FI'.HIRE 38
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Sect. 39. D e fin it ion;- The term overflow weir refers to an
opening in the side of a conduit over which a portion of the contents 
o f the conduit w ill s p il l  when the depth of flow becomes su ffic ie n t­
ly  great. Photographs of the overflow weir used in the series of 
tests  to be described are shown in Figures 33 and 39.
Sect. 4Q._._Pi,}.rpQjTe A n  overflow weir, as used in sewers,
is  a device for contro lling the amount of water to be carried in the 
sewer below the weir. Its  purpose is  to re lieve  the sewer of a port­
ion of its  contents in order to prevent overcharging, and consequent
blocking up of the sewer.
Among the advantages of an overflow weir are: i t  dot3s not con­
sume any head for its  operation; none of the g r it ty  material in tne 
contributing sewer is  discharged into the r e l ie f  sewer: i t  is  eas ily  
constructed in an existing sewer; ana when placed properly in a com­
bined sewer only d ilu te  sanitary sewage is  removed, tne undilute san­
ita ry  flow passing the weir because of inadequate depth to overflow . 
Its  greatest disadvantage is  that i f  the main sewer terminates in a 
treatment plant, during times of storm the plant must treat a large
amount of d ilu te  sewage.
Sect. 41 .HifltmlflBiJtesmflfr - So far as could be deter­
mined by a search of ex isting litera tu re  no tests of overflow weirs 
in sewers have been made the results of which have oeen published. 
W.C. Parrnley analyzes the hydraulics of an overflow weir in nis art-
_________________________________________________________________ _______________________________
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ic ie  on the "Walworth Bun Sewer" in the Transactions o f the American 
Society of C iv il Engineers, Volume XL, page 341, and quoted in Chapt. 
V III o f th is work, A bibliography o f the references to overflow weirs 
which were found in the search has been given in the Preface.
The use of overflow and leaping weirs has apparently been more
extensive in Europe than in the United States, i f  the number of 
times they are mentioned in the engineering litera tu re  of the two 
continents is  to be taxen as a c r ite r ion . No d e fin ite  oate as to the 
in s ta lla tion  of the f i r s t  overflow weir was found, out apparently 
the p rincip le  was applied as early as the f i r s t  in s ta lla tion  of ex­
tensive sewerage systems in the early part o f the nineteenth century.
Sect. 42. Existing. In s ta lla t ion s^  There are many overflow 
weirs in existence, but the majority have some m odification of the 
simple form used, in these tes ts . Figure 40 "C", taken from Metcalf 
and Eddy's "American Sewerage Practice” Volume I shows the overflow 
weir in the Walworth Bun sewer at Cleveland,Ohio. I t  is  to be noted 
that th is weir is bu ilt on a curve which would ^robaoly cause the 
discharge to be d iffe ren t from the same weir i f  bu ilt on a straight 
lin e . Figure 40"A" shows an adjustable casting for overflow weirs 
manufactured by the Adams Hydraulic Company of York, England. The 
edge of th is weir is an element of the outside of the pipe, instead 
of the inside as is  shown in Figure 38. Figure 40 ”6" shows the over 
flow weir on the ou tfa ll of the London Main Drainage.
A somewhat complicated arrangement is  shown in Figure 41. It  is  
a weir designed by W.S. Shields for use at Lombard, I l l in o is .
The hydraulic elements of such insta lla tion s as are shown in 
these figures cannot be determined with great accuracy since the 
factors entering into the problem are so many and so d i f f ic u l t  to
determine. In sp ite of the lack of d e fin ite  information on vhich to 
base the design of these weirs they are usually said to give entire
sa tis fac tion . This is  probably because l i t t l e  care is  given to the

exact amount of sewage to be intercepted, and the purpose of r e lie v ­
ing the main sewer is  accomplished* As to whether th is purpose might
not have been accomplished at a smaller expense is  an open question.
F/g u r e  4-Z. 
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INVESTIGATIONS OF OVERFLOW WEIRS AT THE UNIVERSITY OF ILLINOIS.:—
Sect. 43. • - The ex­
perimental work on the overflow weirs was run in conjunction with 
the tests on the leaping weirs. The apparatus for the leaping weirs 
was commenced in May 1916. The overflow weir was cut in the eighteen 
inch pipe on July 31 , 1916. The f i r s t  run which is recorded in Table 
X was made on August 5th. although some preliminary runs were made 
ea r lie r  in the month. The observations on the overflow weirs in the 
eighteen inch pipe 'were completed on August 18th. The observations 
on the overflow weir in the twentyfour inch pipe were commenced on
September 23rd. and were completed on November 18th.
Sect. 44. Des2X lb iiQ 2^L.te& X S& i& ' - Figure 42 shows in 
diagrammatic form the equipment and arrangement used in the observat 
ions on the overflow weirs. The same sewer pipe, ilume, cradle, 
measuring w eirs , pumps, etc. were used in these tests  as o. tue 
leaping weirs described in Ohapter I i » hhe only additional apparatus
necessary for the. observations on the overflow weirs was the weir
box and appurtenances suspended beneath the overflow weir.
The overflow weir shown in Figure 38 consisted of a s lo t cut in 
the side o f the sewer pipe* The up^er portion oi th is s lo t was on 
the center lin e of the top o f the pipe. The two sides were at right 
angles to the axis of the pipe, and were pointed up with cement so 
as to be sharp and square, ana to fo llow  the curve of the pipe,mak­
ing a smooth surface on the inside ol the pipe. Tne distance *rom th< 
lower edge of the weir to the lower end oi the server was ne>-ei less 
than ten fe e t ,  and the distance from the upper end of the weir to th< 
upper end of the sewer was fi:xed.ai eleven leet for a i l  te s ts . These
— — — — — —
distances were su ffic ien t to remove the weir from.the.turbulence
%
occasioned by the water entering and leaving the pipe.
The lower edge of the s lo t , or the true weir, consisted of an 
iron bar ground to a sharp edge and set in cement mortar so that the
upper edge formed an element of the inside of the pipe cylinder. The 
inside face was smoothed o ff  with cement mortar and the outside face
was angled so that the water f e l l  fre e ly  from the weir, with a ir  be­
neath the fa l l in g  stream. A cross section of the pipe at the weir is 
shown in Figure 42.
Sect. 45, Making A Run:- A fter measuring the length of the 
weir and it s  height above the invert the order of procedure in mak­
ing a run was as follows?
F irs t ;  Take measurements from the lever line suspended 
above the sewer down to the invert t© determine the slope, and adjust 
the slope by means o f the jacks supporting the cradle. The adjust­
ment was assisted by running a small stream of water down the pipe, 
which indicated, by its  uneveness, spots out of alignment.
Second; Start the steam pump and f i l l  the stand pipe until 
the governor shut o f f  the pump. Prime the centrifugal pump from the 
stand pipe. Open the valve into the s t i l l in g  box and start the cent­
r ifu ga l pump. By means of the valve above the s t i l l in g  box and the 
th ro ttle  on the engine and pump, aa0ust tne two pumps to the proper 
speed to a e liv e r  the desired rate of flow . The pumps were tnen a l­
lowed to run for from two to five  minutes until no fluctuations in 
conditions were apparent.
Third; Set the hook .gage on the standard three foot weir 
to about the correct position . The entire discharge over and past the 
overflow weir were combined and discharged over th is standard three 
foot weir.
Fourth; Set and read tne hoox gage in the weir box, measur­
ing the discharge over the overflow weir, and immediately lead^ust
--------  ------------------ bO
ana read the gage on the three foot weir.
F ifth ; Observe the distance from the top of the *4pe to 
the surface of the water at the following points; , (a ) 12 inches above 
the overflow weir, (b> at the upper end of the weir, (c ) at the mid­
d le of the weir, (d) at the lower end of the weir, and (e ) 12 inches 
below the weir. A ll o f these points were not recorded for every run.
- When the eighteen inch
pipe was put in place the outside o f the D e l l  restea on the bottom of 
the flume. In th is position i t  was not possible to much more than 
ha lf f i l l  the pipe without overflowing the flume, because of th is
the measurements on the weir placed naif way up the eighteen inch 
pipe had to be abandoned. The twentyfc-ur inch pipe ms placed with 
its  invert in line with the bottom o f the flume. In th is position i t  
was possible to f i l l  the pipe about three fourths fu l l ,  when on a 
low slope. The pumps were working to the lim it of th eir capacity. 
A fter having made several runs on the steep slopes i t  was noticed
that at the upper end of the weir there was a s u ffic ie n t ly  sudden 
change in the slope of the pipe to v it ia te  the results of runs num­
bers 220 to 299 inclusive.
The capacity of the weir box was taxed to the lim it for rates 
of discharge over the overflow weir o f more than three second fe e t .
It  was d i f f ic u l t  to obtain good readings on the gage because of the 
turbulence of the large rates of flow .
The diameter of
the pipe, the slope of the in vert, the height of the weir above the 
in vert, the length of the weir, and the depth of water in the pipe 
and on the overflow weir were observed d ire c t ly , and with the except­
ion of the last two are recorded in Table X.
Sect. 48. Computed Results*- The rates of flow, n in 
Kutter's formula, a.nd the depth of flow in the pipe were calculated 
in the same manner as for the leaping weirs described in Chapter I I I
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The rates of How in the pipe above the overflow weir, and the rate
of discharge over the overflow weir are recorded, for each run, in
Table X. The value of n in bu tter's  formula was tauen as 0.013 since
the conditions were the same as for the leaping weir.
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TABLE X
-QBSSB'VATIONS ON UVE RFLOK - WEI-RS
R a te  o f  Di'ech.ij 
Second fe e t
“ T 1
Z  r
Length
o-f
w e f r
Fe e t.
“R a te  «f Pi'scbij 
Second Feet
Q. °r l l Q. °r
KU4 
2 ® 
3 E
*  5
Length
°f.
Welt-.
Fe-et
--Height of ifrei
Diameter of pipe 18 inches
r above invert 0.565 fe e t----
,01 8-
37 1 ,307 6.61 0.136 44 2.146 6.54 0,222
38 1 ,307 5.81 O.O768 45 2,146 6.70 0.278
39 1 .307 5.00 0 46 3/583 6.70 0.585
40 1 .307 4.76 0.0155 47 3.583 6.32 0.446
41 2.146 4.30 0.0496 48 3.583 5.87 0.339
42 2.146 5.27 0.0325 49 3,583 5.49 0.243
43 2,176 5.86 0.156 50 3,583 5.16 0.164
1 n n p 7) .  n 1 _______W  «  W  V
51 1 .302 7.09 0.259 62 2.135 5.86 0.281
52 1 .302 5.78 0.150 63 2.135 5.20 0.175
53 1 .302 6,21 0.0956 64 2.135 4.75 0.0866
54 1 .302 5.80 0,143 65 3.533 4,91 0.173
55 1 .302 5.35 0.0956 66 3,583 5.11 0.253
56 1 ,302 4.43 0.0163 67 3.583 5.28 0.298
57 1 .302 4,64 0.0448 68 3.583 5.65 0.390
58 2.135 7,10 0.475 69 3.583 6.05 0.496
59 2.135 7.1 0 0.500 70 3.583 6.53 0.625
60 2.135 6,53 0,379 71 3/583 7.15 0.827
61 2.135 6.06 0.312
—Slope
0.280
. 00 7 _ .
72 1 .307 6.70 82 2.146 6.16 0.386
73 1 .307 6.21 0.199 83 2.146 6.59 0.466
74 1 ,307 5.66 0.168 84 2.146 6.87 0.516
75 1 .307 5.31 0.132 85 3.583 6.93 0.836
76 1 .307 4.96 0.0854 86 3.583 6.56 0.728
77 1 .307 4,66 0,0496 87 3.583 6.18 0.615
78 2,146 4.45 0.0709 38 3.583 5.36 0.432
79 2.146 3.96 0,0294 39 3,583 4/99 0.271
80 2.146 5.05 0.182 90 3.583 3.97 0.0595
81 2.146 5.69 0.294 91 3.583 4.79 0.221
V
0.21992 1 .323 6.65 0.379 102 2.156 4.61
93 U323 6.04 0,303 103 2.1 56 5.36 0.1153
94 1 .323 5.46 0.234 104 2.1 56 3.90 0.102
95 1 .323 4/56 0.145 105 3.583 3.90 0.1348
96 1 .323 3.98 0.0925 106 3.583 4.29 0.230
97 1 .323 3.36 0.0346 107 3.583 4.85 0,358
98 2,156 6.50 0.577 108 3.583 5.59 0.586
99 2.156 5.83 0.490 109 3.583 6.10 0.780
Q -  Tfafe a.b0y& w eir. <?- ' f c z /e  oyer  we/r.
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TABLE X 
( continued)
QBSSRVATIONS*QN~0®RFLOW WEIRS
--- tar> tu2 CD
D 2T 
* 2
Length R.c&e P»‘scharge .Second Feet
1 rK‘ 'Lu
i f
or I
AengtH
of,Wei r. 
Feet
f?ate PiscKarge 
Second Feet
Wei r. 
Feet 9- Cl ° r
n*? ] 1 rv f«h £> <3J 4. It wil vf O
----Height of weir above invert. 0.565 fe e t—
Q1 /-yrt p 0,00it____J
100 2,156 5.35 0.379 110 3,583 6.50 0.900
101 2,156 4.94 0.281 111 .3.583 6.73 0.981
----Height of weir above in vert, 0,464 fe e t—
-S lope n_onA _ \
112 1 ,292 6.67 0.674 122 2.135 6.90 1,131
1 13 1 ,292 6.13 0.584 123 3.583 6.93 1 .647
114 1 .292 5,41 0,478 124 3.583 6.62 1 .548
115 1 .292 3.87 0.270 125 3/583 6,62 1 .56
116 1 .292 2.96 0,1076 126 3.583 5.84 1 ,236
117 1 .292 2.12 0v026 127 3.583 4.55 0.780
118 2.135 2.70 0.0971 128 3.583 3.79 0.603
119 2.135 3.60 0.291 129 3.583 3.25 0.387
120 2,135 5.34 0.665 130 3.583 2.45 0.1513
121 2,135 6.16 0.995
Q i nvoft 0 - 0 0 7 __ - .'—■O Jl
131 1 .297 6.76 0.637 142 2.135 5.11 0.633
132 1 .297 6.26 0,584 143 2.135 4.23 0.433
133 1 .297 5.66 0.472 144 2.135 3.42 0.277
134 1 .297 4.90 0.362 145 3.583 7.21 1 .709
135 1 .297 4.97 0.229 146 3.583 6.35 1 .389
136 1 .297 3,62 0.1752 147 3.583 5.85 1 .238
137 1 .297 2.70 0.0873 148 3.583 5.19 0.979
138 2.135 7.10 1 .160 149 3.583 4,32 0,646
139 2.135 6.82 1 .050 150 3.583 3.31 0.287
1 40 2.135 6.27 0.910 151 3.583 3/10 0.242
141 2.135 5.72 0.801
Q 1 H P 0 - 0 1 0 _____-o iupy
152 1 .328 7.10 0.594 162 2.167 5.07 0.602
153 1 .328 6.59 0.506 163 2,167 4 . 6 6 0.420
154 1 .328 5.81 0.421 164 2v. 16 7 3,81 0.271
155 1.328 3.34 0.333? 165 2.167 3.00 0.118
156 1 .328 3.10 0.272? 166 3.583 7.39 1 .595
157 1 .328 3,99 0.164 1 67 3.583 6.58 1 .30
158 1 ,328 3.15 0.0758 168 3,583 6.00 1.058
159 2.167 7.40 1.125 169 3.583 5.30 0.900
160 2.167 6.74 0.918 170 3.583 4.61 0.638
161 2.167 5,95 0.750 171 3/583 3.79 0.402
mamS5555i
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TABLE X 
( continued)
OBSSR VA TIONS ON 0 VE BELOW W EIRS
O'
Of
Z  <2 
O Z  
Od => 
2:
L e n g th
Weir.
F e e t
K a te  P i'scK ar^e  
S econd  F e e t
(*
illz &
k n a t K  
W ei r.
e <P»\sc Kar^e 
S econd  F e e t
Q . | ° r
D Z F e e t
Q . ° r
a TnA+ n  t' ", ■ ■? 1 1 Y\ OiUv M ^4. Jr ■5. j~y w »
-------Height of weir above in vert. 0,464 fe e t—
n . m  a
172 1 .328 7.1 0
* -W X vj
0.480 182 2.1771 4.60 0.300
173 1 .328 6.44 0.404 183 2.177’ 3.81 0.163
174 1 .328 6.1 1 0.354 184 2.1 77r 3.09 0.0539
175 1 .328 5.41 0.281 185 3.533 3.04 0.0828
176 1 .328 3.76 0.090 136 3.583 4.01 0.381
177 1 .328 4 . 4 4 0.1 66 187 3.583 4.61 0.551
178 1 .328 5,51 0.288 188 3.583 5.68 0.788
1 79 2.177 7,10 0.809 189 3.583 6.18 1 .059
130 2.177 6.08 0.616 190 3.583 6.79 1 .218
181 2.177
1
5.32 0.466 191 3.533 7.41 1 .50
ci in a + £ ir  n f  v i r  O A "5 nolnoi c
—Height of weir above invert 1 . 0  foot * -------
n_n 1 f
220 1.16 11.30 0.1 1 1 231 2.27 11 .72 0.1630
221 1 .16 11.49 0.0866 232 3.78 11 .88 0.222
222 1.16 10.76 0.0526 233 3.78 12.70 0.348
223 1 .16 10.65 0,046 234 3.78 12.46 0.308
224 1 .16 10,00 0.0155 235 3.78 11 .65 0.206
225 2.27 12.52 0.269 236 3.78 12.10 0.251
226 2.27 11 .49 0.138 237 3.78 11.94 0.251
227 2.27 10.33 0.336 238 3/78 11 .32 0.219
228 2.27 10.52 0.0483 239 3,78 11 .22 0.1320
229 2.27 10.79 0.0796 240 3.73 9.33 C) .0545
230 2.27 11 .05 0.1170
-Sloped ) .01 0
241 1 .18 11.35 0.156 258 2.28 10,70 0.1533
242 1 .18 11 .59 0.131 259 2.20 11 .31 0.2115
243 1.18 11.78 0.191 260 2.28 10.88 0.1675
244 1.18 11.60 0.1 69 261 2.28 10.61 0.1420
245 1.18 11 .38 0.164 262 2.28 9.65 0.0713
246 1 .18 11 .10 0.143 263 3.79 12.33 0.442
247 1 .18 11 .00 0,1411 264 3.79 12.20 0.425
248 1 .18 10.96 0.1411 265 3.79 12.05 0.41 4'
249 1.18 10.83 0.132 266 3,79 11 .90 0.398
250 1 .18 10.10 0.0925 267 3.79 11 .73 0.373
251 2.28 12.18 0.292 263 3.79 11.74 0.366
# Note*The results obtained iron runs 220 to 293 
were not used in reaching the conclusions, oecause 
of a probable error in aeasuring the siope fo r
these runs
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TABLE X 
. ( continued)
OBSKR VAT IONS ON' 0 ® Hi 'LOW WEIRS
O'
>  ^Z CQ
Leo^ h
of
Rate Pi'schar^e 
S^econd Feet
—not—Ul kenq+h
o fWeir.
Feet
Kate Discharge 
Second Feet:
Weir,
Feet CL
D £ 
*  1 Q. 9r
rjiaiiieter o f pipe 24 inc 
of weir abo/e invert.
h iCi o
— •Heijzhl 1.0 foo t-----
o .01 n*
252 2.28 12.10 0.301 269 3.79 11 .62 0.332
253 2.28 10.96 0,1730 270 3.79 11 .50 0.320
254 2,28 11 ,75 0.2465 271 3.79 11 .11 0.244
255 2.28 12,11 0.284 272 3.79 10,52 0.132
256 2.28 11 .98 0.2760 273 3.79 11.38 0.230
257 2.28 11 ,49 0,2195 274 3.79 11 .22 0,223
— i DI j 7TTUU/. _ _
275 1 .18 11 .80 0.1532 287 2.27 9.34 0.0443
276 1 .18 11 ,76 0.140 288 2.27 7.07 0.0074
277 1 .18 10.38 0.0769 289 3.78 12.33 0.406
278 1 .13 10.15 0.066 29Q 3.78 11 .95 0.370
279 1 .18 9.79 0,0447 291 3.78 1 i .05 0.219
280 1 .18 9.50 0.357 292 3.78 11 .31 0.3415
281 1 .18 8.30 0,0061 293 3.78 10,90 0.2115
282 2.27 12.12 0.465 294 3.78 10.92 0,2005
283 2.27 10,74 0.1380 295 3.78 9.64 0.0799
284 2.27 1 1 .80 0.228 296 3.78 10.05 0.1098
285 2.27 10.29 0,0911 297 3.78 9.41 0.066
286 2.27 9.58 0. 508 298 3.78 8,94 0.0368
0.00- l______ .JL Up45
299 1 .17 11 .88 0.1690 312 2.27 9.96 0.1747
300 1 .17 11 .22 0.1420 313 2.2.7 9.88 0.1603
301 1 .1 7 11 .95 0.1783 314 2.27 10.71 0.1911
302 1.17 11 ,/32 0.1450 315 2.27 11 *62 0.2705
303 1 .17 1 0.96 0.1290 316 2.27 12.50 0.370
304 1 .1 7 8.73 0.0701 317 3.78 7.84 0,0634
305 1 .17 7.13 0.0545 318 3.78 8.24 0.0702
306 1 ,17 6.76 0.0078 319 3.78 9.75 0.206
307 1 .17 9.35 0.1502 320 3.73 10.36 0.256
308 3.97 6.41 0,0038 321 -3.78 1 0.60 0.288
309 2.27 77.56 0,0673 322 3,78 10.92 0,3285
310 2.27 8.46 0.0725 323 3.78 11 .73 0,469
311 2.27 9.35 0.1820 324 3.78 12.32 0.685
— Height ef weir above invert, 0.833- fast-_  Q 1 D. )DA • .O i U jvJ c? m *
325 1 .18 5.15 -----— 338 2.29 7.07 0.234
326 1 .18 6.65 0.169 339 2.29 3.23 0,3 76
327 1 .18 5.38 0.0181 340 2.29 8.82 0.407
328 1.18 6,20 0.1748 341 2.29 9.90 0.536
329 1 .18 7.08 0.188 342 2.29 1 0.50 0.657
330 1 .18 7.85 0.212 343 2.29 11 .38 0.785 .
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TABLE. X 
( continued)
OBSER VATIONS ON 0 VERELOW wSIRS
O'ucZ <Q
s i
LenatV,
.
Kate Discharge 
Second Fee t
- - E---U4
z l
3 k
I
LenatK
of
Pischar<je 
Second Feet
Weir.
Feet C l S'
We 1 r. 
Feet Q_ S'
W q i hi ir rv f  r i 1 a 94 1 r»r» tooJL -AiUy v \^ 4 .
— H e is rh t 01 . e l r  above  i n i e r t .  C).833  f e a t —
-S lo p e 0 .0 0 4 ------ — ----------------------------
331 1 .18 8 .3 0 0 ,2 9 8 344 3 .7 9 6 .3 0 0 .223
332 1 ,18 9 .1 3 0 ,3 4 8 ■ 345 3 .7 9 7 .19 0 .3 3 5
333 1 .1 8 9 .8 5 0 ,4 0 9 i 346 3 .7 9 7 .7 8 0 .5 1 0
334 1 .18 1 0 .5 7 0 .4 7 0 347 3 .7 9 9.21 0 .6 9 0
335 1 .18 11 .43 0 .4 6 5 348 3 .7 9 10 .45 0 .9 1 0
336 2 .2 9 6 ,5 6 0 .2 5 7 349 3 .7 9 11/78 1 .482
337 2 .2 9 6 .9 2 0 .2 1 0
1 OTOP 0 . 0 0 "
350 1 .18 6 .5 6 0 .0220 360 2 .2 7 9 .1 6 0 .4 6 2
351 1 ,18 7 .4 4 0 .0 8 3 4 361 2 .2 7 10 .25 0 .5 7 6
352 1 .18 8 .3 4 0.191 362 2 .2 7 11 .06 0 . 721
353 1 .18 9 .0 2 0 .2 3 4 363 2 .2 7 11 .92 09907/
354 1 .18 9.61 0 .2 8 8 364 3 .7 9 6 .9 0 0.211
355 1 .18 9 .6 0 0.281 365 3 . 79 7 .8 7 0 .3 6 8
356 1 .18 11 .35 0 .4 7 4 366 3 .7 9 8 .8 0 0 .5 8 6
357 1 .18 11 .30 0 .5 9 9 367 3 .7 9 9 .9 3 0 .8 9 5
358 2 .2 7 6.41 .0 .0 8 5 6 3368 3 .7 9 10 .63 1 .045
359 2 .2 7 8 .4 4 0 .383  . 369 3 .7 9 11 .80 1 .669
n .m o0 iU p c V  ▼ V/ 1 >
370 1 .1 7 6 .2 8 0 .0 3 9 7 382 2 .2 7 10 .40 0 .4 9 6
371 1 .1 7 7 .7 9 0 .0735 383 2 .2 7 10 .88 0 .6 0 4
372 1 .17 9 .0 7 0 .1 8 2 384 2 .2 7 11 .35 0 .6 9 5
373 1 .17 9.31 0 .2 7 0 385 2 .2 7 1 2 .1 0 0 .893
•374 1 .17 10 .52 0 .2 9 8 386 3 .7 9 8 .0 5 0 .3 2 8
375 1 .17 1 0 .9 5 0.381 387 3 .7 9 9 .1 5 0 .5 3 8
376 1 .17 1 1 .10 0 .4 0 2 388 3 .7 9 9 .7 0 0 .6 2 6
3 77 1 .1 7 1 2 .1 8 0 .5 2 5 389 3 .7 9 1 0 .5 6 0 .7 9 4
378 2 .2 7 7 .3 9 0 .1115 390 3 .7 9 11 .22 0 .9 6 4
379 2 .2 7 7.81 0 .1 3 6 6 391 3 .7 9 11 .72 1 .071
380 2 .2 7 8 .6 3 0 .2 2 0 392 3 .7 9 12.21 1 .194
38] 2 .2 7 9 .7 9 0 .4 1 2
—  81 nriA . v s ;
193 1 .18 6 .8 2 0 .0133 406 2 .2 9 11 .12 0 .6 5 6
394 1 .18 8 .3 8 0 .1033 403 2 .2 9 11 .63 0 .7 7 0
395 1 ,18 9 .3 8 0 .2 1 7 408 2 .2 9 13 .18 1 . 0 1 1
3 96 1/18 9 .9 9 0 .2 8 5 409 3 .2 9 6 .7 0 0 .0 3 3 9
397 1 .18 1 0 .6 8 0 .3 4 8 410 3 .2 9 7 .33 0 .0 9 0 6
398 1 .18 11,11 0 .4 0 0 41 1 3 .2 9 7 .86 0 .1 8 8
3 99 1 .18 11 .72 0.441 412 3 .2 9 9 .3 5 0 .4 2 4
400 1 .18 1 2 .4 2 0 .4 9 6 413 3 .2 9 10 .25 0 .6 7 21
401 2 .2 9 7 .8 7 0 .0 8 5 7 41 4 3 .2 9 10.61 0 .7 6 0
402 2 .2 9 9 .0 6 0 .2 6 2 415 3 .2 9 1 0 .8 6 9 .8 6 0
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TABLE X 
( continued)
OBSERVATIONS ON O’®RELOW WEIRS
ctf
*4 «Qo r
-enath
O f
T?ate of Discharge 
Cubic f e e l  perSec^ d
o'
5 £
Length l?oCte of Pischarje 
t»cfee \ per Second
Wei'r.
Feet- ^ . r Fe.e~t 4 ... °r■? « av Af r'A 9A i nonaQ---
— Height Of W61 r  a b o ve in v e r t ,  0■.833 fe e t—
S! 1 0 .015
403 2 .2 9 9 .8 7 0 .419 416 3 .2 9 10 .78 0 .835
404. 2 .2 9 10.38 0 .525 417 3 .29 12 .20 1 .182
405 2 .2 9 10.70 0 .566 418 3 .2 9 12.41 1 .253
— Height o f  we3 X above inve r t  0 ♦667 fe e t—
Q 1 niip n _ 1 s
419 1 ,18 5.61 0 ,117 4 3 5 2 ,2 8 10.68 0 .984
490 1 .18 5 .95 0 .1225 436 2 ,2 8 10.80 0 .990
421 1 .18 5 .9 5 0.1252 437 2 .2 8 11 .15 1 .130
499 1 .18 7 .3 0 0.1822 438 2 .2 8 11.45 1 .210
493 1 .18 8 ,5 5 0 .310 439 2 .2 8 12 .27 1 .390
424 1 .18 9 .5 7 0 .475 440 3 .79 5.21 0 .1228
425 1 .18 9 .5 9 0 .450 441 3 .7 9 6 .9 9 0.491
426 1 .18 10 .50 0 .586 442 3 .7 9 8 .1 5 0 .740
427 1 .18 11 .18 0 .676 443 3 .7 9 8 .7 6 0 .906
428 1 .18 11 .80 0 .725 444 3 .7 9 9 .4 4 1 .058
429 1 .18 12.44 0 .805 445 3 .7 9 10.38 1 .308
430 2 .2 8 5 .8 8 0 .0556 446 3 .7 9 10.90 1 ,502
431 2 .2 8 6 .4 7 0 .262 447 3 .7 9 11 .29 1 .620
432 2 .2 8 7 ,2 6 0 .318 448 3 .7 9 11 .72 1 ,720
433 2 .2 8 8 .1 5 0 .424 449 3 .7 9 12.43 1 .910
434 2 .2 8 9 .7 9 0 .725
9 i nno n m n
450 1 .18 5 .9 0 0 .157 465 2 .2 8 11 .11 1 ,160
451 1 .18 7 .8 6 0.-307 466 2 .2 8 11 .39 1 .230
452 1 .18 9 .( 5 0 .400 467 2 .2 8 11 .65 1 .342
453 1 .18 9 .65 0 .475  , 468 2 .2 8 12 .00 1 .402
454 1 .18 10 .10 0 .5 3 7 469 3 .79 6 .73 0 .458
455 1 .18 11.19 0 .706 470 3 .7 9 7.51 0.71 5
456 1 .18 10.91 0 .686 471 3 .7 9 8.71 0 .999
457 1 .18 11 .62 0 .794 472 3 .7 9 9 .0 7 1 .224
458 1 .18 12.11 0 .875 473 3 .7 9 10 .30 1 .41 8
459 2 .2 8 6 .1 9 0 .283 474 3 .7 9 10.81 1 .588
460 2 .2 8 7 ,7 8 0 .529 475 3 .7 9 11 .2 1 1 .730
461 9 .2 8 8 .3 5 0 .6 2 7 4 76 3 .7 9 11 .50 1.81 0 .
462 2 .2 8 8 .9 8 ; .  687 477 3 .7 9 1 1 .81 1 .8  76
463 2 .2 8 9 .9 6 0.861 478 3 .7 9 11 .90 1 .918
464 2 .2 3 10 .36 0 .935 4/9 3 .7 9 12.12 1 .944
-Slope 0 -0 0 7 _____
480 1 .18 5 .6 8 0 .0834 496 2 .2 8 9 .1 6 0 .759
481 1 .18 7 .4 4 0 .296 497 2 .2 8 9 .6 0 0 .7 8 0
482 1 .18 8 .4 9 0.441 498 2 .2 8 9 .5 6 0 .822
483 1 .18 9 .3 0 0 .479 499 2 .2 8 10.41 0 .935
484 1 .18 11 .05 0.482 500 2 .2 8 11 .10 1 .028
TABLE X 
(continued)
OBSER VATIONS ON 0VERFLOW 4EIRS
ori*
* 3 (
Length
of Secono
charge
Feet £ 1 
l  i  ’
Length R«te Pfschavge 
-Second Feet
weir.
Feet- <3L °C
Wei r- "
Feet- Q_ ° r
Tl i  si m Cav y* f  f. iM i O A i  -nnhwci-.---
-----H e izh t
U X CL Jul£?
o f Wt
4, «. •>*, jw' v/
nr  above in v e r t , 0 .6 6 7 fe e t—
-S lo p e 0 . 0 0 7  I ^V V V 9
485 1 .18 9 .5 8 0 .463 501 2/28 1 1 .38 1 .125
486 1 .18 1 0 .0 7 0 .524 502 2.281 '12 .04 1 .290
487 1 .18 10.52 0 .556 503 3 .7 9 6 .9 6 0 .466
488 T ,1 8 10.78 0 .588 504 3 .7 9 7 .78 0 .706
489 1 .18 11 .10 0 .647 505 3 .7 9 3 .7 6 0 .896
490 1,18 13.21 0 .653 506 3 .7 9 9 .4 0 1 .085
491 1 .18 11 .40 0 .692 507 3 .7 9 10.13 1 .350
492 1 .18 11 .88 0 .765 508 3 .7 9 11 .10 1 .662
493 2 .2 8 6 ,4 6 0 .296 509 3 .7 9 11 .60 1 .640
494 2 .2 8 7 .55 0 .4 6 7 510 3 .7 9 12.25 1 .970
495 .2.28 8.51 0 .596
_ .-r— ■—__ .■ -Slops 0 .0 0 4 -  -  ■
511 1 ,18 5 .7 2 0.012C 526 2 .2 9 8 .0 4 0 .548
512 1 .18 6 ,82 0 .214 527 2 -29 8.91 0.741
513 1 ,13 7 .69 0.291 528 2 .2 9 9 .5 2 0.893
514 1 .18 8 .6 9 0 .434 529 2 .2 9 10 .10 1 .08
515 1 .18 9 .1 6 0.541 530 2 .2 9 11 .42 1 .33
516 1 .18 10.05 0 .636 531 2/29 11 .38 1 .44
517 1 .1 8 10.51 0 ,706 532 3 .7 9 6 .7 9 0 .5 3 7
518 1 .18 10.85 0 .724 533 3 .7 9 7 .9 6 0 .840
519 1 .18 10,85 0.721 534 3 .7 9 8 .9 7 1.12
520 1 .18 11 .21 0 ,744 535 3 .7 9 9 .9 8 1 .38
521 1 ,18 11.42 0 .765 536 3 .7 9 10.59 1 .59
522 1 .18 11.63 0 .7 9 4 537 3 .7 9 10.75 1 .6 4
523 2 .2 9 5 .1 6 0 .216 538 3 .7 9 11 .32 1 .89
5 24 2 .2 4 5 ,9 9 0 .2 6 4 539 3 .7 9 2 .0 7
525 2 .2 9 7 v11 0 .387
-—Height of w<sir above in vert, 0 .500 fe e t—
k ( V D D A  _  . ^  ^v. w
540 1 .17 2 ,8 8 0 .106 556 2 .2 8 7 .98 1 .0 4
541 1 .17 4/58 0 .288 557 2 .2 8 (8 .8 3 1 .43
542 1 .17 •5.31 0 .3 6 7 553 2 .2 8 9 .52 1 .65
543 1 /1 7 6 .6 5 0 ,5 6 7 559 2 .2 8 10.85 1 .85
544 1 .17 7 .5 9 0 .676 560 2 .2 8 10.92 1 .91
545 1 .17 8 .5 7 0.991 561 2 .2 3 11.78 2.11
546 1 .1 7 9 .3 0 1 .09 562 3 .79 3 .5 7 0.471
547 1 .1 7 9 .9 5 1 .25 563 3 .7 9 5 .1 4 0 .942
548 1 .17 10.45 1 .34 564 3 .7 9 5.71 1 .14
549 1 .17 11 .04 1 .44 565 3 .7 9 6 .85 1 .29
550 1 .17 1 1 .59 1 .48 566 3 .7 9 7 .32 1 .6 7
551 1 ,17 1 1 .90 1 .55 567 3 .7 9 8 .2 0 1 .75
552 2 .2 8 4 .46 . 0 ,436 568 3 .7 9 9 .4 3 2 .4 0
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TABLE. X 
( continued)
OBSERVATIONS ON' OVERFLOW WEIRS
> w 
K 3
Lens+K
oiWei'r.
Feet
R<*+e Pi’schqrje 
Second Feet Z. <23 z(t o
■z
Uen
Weir.
Feet.
Ka+e Pi schflr^ e
Second Feet
Q_ ° r ° r
-F)*? 5* m ?• nf pipe ty A i r \ n> hi a .—' JU v*. iUVM V *  V  4.
Height of weir above in vert. *0,500 fe e t—
n-«io4_* - '-r m w
553 2,28 5.35 0.665 569 3.79 10.08 2.64
554 2.28 6.30 0.871 570 3.79 10.60 2.88
555 2.28 7.10 0.991 571 3.79 11,00 3.04
— Slope D .007
572 1 .17 2.78 0.074 594 2.30 6.61 0.876
573 1 .17 ,4.69 0.253 595 2.30 6.67 0.945
574 1 .17 5.69 0.432 596 2.30 6.53 0.924
575 1 ,17 6.59 0.623 597 2.30 6.59 0.924
575 1 .17 7.56 0.736 598 2.30 7.56 1 .09
577 1 .17 8.56 0.925 599 2.30 7.53 1 .07
578 1 .17 8.74 0.991 600 2.30 8.40 1 .19
579 1 .17 9.33 1.10 601 2,30 8.44 1 .20
580 1 .17 10,50 1 .16 602 2.30 8,99 1 .32
581 1 .1 7 11.00 1 .11 603 2.30 9.46 1 .47
582 1 .17 10.83 1 .10 604 2.30 9.76 1 .59
583 1 .17 10.79 1 .16 605 2.30 10.19 1 ,56
584 1 .17 10.80 1 .08 606 2.30 10.08 1 .54
585 1 .17 10,80 1 .07 607 2.30 11 .35 1 90
536 1 .17 11 .15 1 .15 608 2.30 11.80 2.29
587 1 .17 11 ,10 1 .15 609 3.80 5.00' 0.800
588 1 .17 11 .62 1 .25 61 0 3.80 6.36 1 .23
589 1 ,17 11 ,71 1 .25 611 3.80 8.06 1 .71
590 2.30 4/29 0,378 612 3.80 9.26 2.35
591 2.30 4.33 0.374 613 3.80 9.68 2.52
592 2.30 5.16 0.595 614 3.80 10.59 2.81
?°3 2t30 5,11 0.574
ft _nino i. u p
615 1 .17 5.44 0.385 630 2.27 10.58 1 .73
616 1.17 6.42 0.546 631 2.27 10.94 1 .88
617 1 .17 7.71 0.681 632 2.27 1 1 .71 2.02
618 1 .17 8.81 0.754 633 2.27 12.17 2.18
619 1 .17 9.56 0.908 634 3.79 4.26 0.501
620 1.17 10.10 1 .01 635 3.79 5.88 0.896
621 1 .17 10.50 1 .11 636 3.79 6.67 1 .19
622 1 ,17 11 .48 1 .28 637 3.79 7.33 1 .41
623 1 .17 12.02 1-4Q,. , 638 3.79 7.90 1 .59
624 2,27 5.69 0.586 639 3.79 9 .,02 2.06
625 2.27 6.42 0.839 640 3.79 9.79 2,43
626 2.27 7.16 1 .05 641 3.79 10.22 2.61
627 2.27 8.57 1 .30 642 3.79 10.48 2.66
628 2,27 9.35 1 .42 643 3.79 1 1 .10 2.92

----------- * m ~ ......... ......
TABLE X 
(continued)
.OBSERVATIONS ON* OVERFLOW WEIRS
z
o '
u
00 Second fe e t Z
D ZD*
Weir.
Feet Q_ °r
3
fcr
TZ“lUCQ
Zr>Z
e^natVi
Wei r. 
Feet
"Rale D ischarge 
Second
a
.—He
Diameter of pipe 24 
jght o f weir above inve
inches—---- —
r t ,  0 >500 feet-
629
645
646
647 
643
649
650 
6b1
652
653
654
655
656
657
658
659
2*21
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.16
.28
.28
.28
.28
_______
5.46 
6.33 
7.10 
7.73 
8.76 
9.72 
9.94 
10.38 
11 .05 
11 .48 
11 .8 8  
6.39 
7.05 
8.09 
8.79
-Slope 0,010 
1 .5 6 '.  644 3 .79
-Slope 
0.354 
0.404 
0.441 
0.521 
0.666 
0.751 
0.896 
1 .03 
1 .11 
1 .18 
1 .27 
0.691 
0.805 
0.966 
1 .11
0 .015 —
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
.28
.28
.28
.28
.28
.28
.80
.80
.80
.80
.80
.80
.80
.80
,80
1 1 .81
9.44
9.79
10.23
10.70 
11 .03 
11 .62
5.98
7.13
7,92
8.62
9.26
9.52
9.90
10.18
10.70
3.13
1 .24 
1.35 
1 .42 
1.55 
1 * 65 
1 .92 
0.860 
1 .18 
1 .42 
1 .66 
1 .89 
1 ,93 
2.11 
2.24 
2.38
Q _= /fa te  cLhot/e we/r. 
= fa te  a/
Yi
D i a g r a m  5
for
Ra r m lE.r's A n a lysis
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------ *CHAPTSR VI 11 *--------
------,LAW DP FLOW OVER OVERFLOW WEIRS*— ~
Saat» .4g.,_ga.tiQiia.L.SQ2iflldflratlQiia»- W.C. Parmiey in Tran­
sactions of the American Society of C iv il Engineers, Volume LV, page 
362 analyzes the rate of discharge over an overflow weir as follows*
"Let Figure 43A represent the cross section of the overflow 
chamber at the upper end o f the weir, at the point where the water 
emerges from the sewer.
Let X and Y represent the axes of coordinates, with the orig in  
in the axis o f the sewer. Consider th is section to represent a unit 
length of sewer.
Let A be the crest of the weir, and le t a + y  be the depth of
water over the weir.
Let the radius of the sewer equal r.
The coordinates of the weir are therefore, x - x-j and y - -a
How long w ill i t  require for the water flowing over the weir to 
reduce the head of -water on the weir from a +  y to any given lesser 
head?
Let dQ equal the volume of water discharged for the reduction of 
head dy, and le t dt equal the time r e t i r e d  for the discharge of the 
quantity dO. We then have the equations
• dQ - 2xdy - 2l/r~-y“ dy
For the head a + y the rate of discharge q - approximately
3.33 (a +  y)**'
Then dG - qdt ~ 3,33(a +  y) dt
Therefore dt - ____dy
( a t j ) 3/L
Integrating between the lim its y^  and y2 for any two heads 
upon the weir, gives the time required to reduced the head from y^
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to y2.
I t  has not been possible however to integrate this equation and 
therefore i t  has been necessary to make use of i t  in the approximate
forms
L V
Obtaining the A t ,  for successive d ifferences in head, A y ,  bet­
ween the lim its of y1 and y2 , and taking the sum o f a i l  these A t 's
w ill g ive the approximate time t required.
This being a tedious process, an approximation can be made by 
reducing the circu lar sewer to a rectangular one of the same average 
width. In th is case le t  Figure 43B represent the cross section of 
the rectangular sewer, with the weir at A, and with an in i t ia l  depth 
of water y over the weir. Let the width of the channel W equal the 
average width of the circu lar sewer shown in Figure 43A to the le f t  
of the weir A. In th is case the water overhanging the weir on the 
right is assumed to fa l l  away by the force of grav ity  without in te r ­
fering with the weir discharge over and back of the weir. In this 
case then we have
q -  rate of discharge for head y, -  3.33y and 
Q - the to ta l quantity discharged.
For an in fin itesim al reduction in head, dy, we have
dO -  Wdy - qdt - 3/33y d f  
Wtherefore dt -
3.33 y ay
Integrating between the lim iting  heads
t  =
vW y,
.(olYJ
w  /-It,
u t C xt  * W ,
I f  y - 0, t ; o o ,  which shows..........that th eo re tica lly  i t
would require a weir of in f in it e  length to reduce the water to a zerc
head.
The last formula is simple and eas ily  applied, and does not 
g ive  results varying g rea tly  from those obtained from the d iffe ren t­
ia l equation for the circu lar sewer.
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I f  the ve lo c ity  in the sewer were constant while flowing the
length of the weir, and i f  a l l  the filaments in the en tire  cross 
section had the same velocity, the foregoing equations would give 
the time required to reduce the level o f the water from one stage to 
another, and th is  time, m ultiplied by the ve loc ity  of flow in the 
sewer behind the weir would give the length of the weir r e t i r e d .  
These ideal conditions, however, are not obtained in practice. The 
ve loc ity  in the sewer is  gradually retarded as tne head oecomes less, 
and, consequently, the s i l l  must be lengthened somewhat in order to
perform the same amount of work."
Parmley’ s method is  not only d i f f ic u l t ,  but i t  is  uncertain as
to the value of the resu lts, because of the assumptions on which i t  
is based. An example has been solved qy the.method suggested by 
Parmley, at the end of Chapter IX. The uncertainty as to the correct­
ness of the assumptions made in the Parmley analysis, and the vari­
ation from’ the experimental observations, together with the absence 
of experimental results by Parmley, tend to cast doubt on the value 
o f the formula suggested by him.
The fo llow ing analysis is based on somewhat d iffe ren t assumpt­
ions, which are also open to c rit ic ism . This analysis led to some­
what d iffe ren t conclusions which were helpful in maxing certain em­
p ir ic a l assumptions as to the factors a ffec tin g  the flow ever the
weir.
%
For tne sake,of s im p lic ity  the analysis w ill f i r s t  be made for 
the discharge from an overflow weir in a rectangular flume, as shown 
in Figure 43C.
For any particu lar d if fe r e n t ia l length of the weir i t  w ill be 
assumed that the discharge is
44-
dq - 3,33 h dx
I t  now remains to find h in terms of x . •
From the figu re i t  is evident that the time, d t , for the head 
to drop a distance dh is  equal to the time, d t, for a p a rtic le  to 
travel the distance dx. From the preceding analysis quoted from
Farmley
dt - — W h _ 
3.33
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dh
Now le t V\ represent the v e lo c ity  in feet per second at the 
section 'in  question, then ____
dx - V'dt - r *3733~~ dh . 
therefore dq - V'Wdh
Since V' is a variable i t  remains to express V' in terms of h.
With a constant slope V’ varies only with the hydraulic radius. The
hydraulic radius of the rectangular section is approximately
W(ht-k)
W +■ 2 ( h k)
Then from the Chezy formula 
V* - MI
and V - C
- V
v/Cht-k.)
2 (h + k)
w ( h , t k )
1 (.h.-t-k)
from which V’ - V i/(Vyt-k)Lvv't' 2,^ » tK'^~ 
h, (h,i-k){W + 2. Ck+- k)^
and Q =. • * f  t ^
, JIf C h ,i -k )[W i-2 .( 'o + -^ )]
This integration would result in an expression o f no practical 
use. The d i f f ic u lt y  lie s  in the expression for the hydraulic radius. 
I f  i t  were possible to express V in more simple terms, an express­
ion of "greater value might be obtained.
The re la tion  between the depth of flow and the hydraulic radius 
of a circu lar section is  shown in Figure 10. An approximation to the 
form of the equation of the hydraulic radius curve, particu larly  the 
portion below the maximum point at 0.8 depth, when referred to the 
invert of the pipe as the orig in  of coordinates with horizontal and 
vertica l axes, can be made by assuming i t  to be in the form of a 
parabola. By a series of t r ia ls  the follow ing equation was selected
as representative of this cu rvi» y - 1 . 6  y + 0.52 x 0
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Now, up to the point in the preceding analysis for a rectangular 
channel where dq - V'W dh, a l l  the steps are equally applicable to 
a circu lar section. I f  we substitute D, the diameter of the c irc le , 
for W, then dq ^ V'D dh
In the preceding expression for x and y, y - anC[
D
x - *-~£- where r represents the hydraulic radius at any depth.
u
Substituting these values and solving 
r .
As before Q - DV J 1 /_—* D ' \P- -A, dlh
bA V ).
|Voi1tk)0-fe-hrk)JL3 Jhz L ' J,t ) .fc~
I t  becomes evident that any ''ra tional'' formula for Q which in ­
cludes a ll  o f the factors a ffec tin g  i t ,  w il l  be too cumbersome to 
serve a useful purpose. An empirical formula besed on the preceding 
analysis might be more simple and quite as accurate.
Sect. 50. Ebp i r . i u a i ^ . m n ;- From the preceding d is ­
cussion i t  would seem that C is  dependent upon D, and h^
An important factor which does not appear here is  the length of the 
weir. This, however, is dependent upon Q and (h1-h2 .^
An attempt was made to find the re la tion  between G, and the fact}- 
ors enumerated by follow ing the procedure outlined be'lows
F irs t, to compute the value of V, h-j and h2 for a i l  of the 
runs. Second, To hold D, 1 (the length o fr the w e ir ), and k con­
stant and to plot Q against V. I t  became evident that eacn value of 
S (the slope) determined a d iffe ren t QV lin e . Points on the d i f f e r ­
ent QV lines which were determined by the same values of hi were 
joined. One of these plots is  shown in Figure 44.
Third, Determine the proper scale for the values of on 
the QV lines and draw lines connecting equal values of h-| .
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From the appearance of the lines in Figure 44 i t  is evident 
that Q - mV-pn ('very c lose ly ) in which m and n are functions of h- .
I t  now remained to determine these functions. The resulting' 
equations became so complicated, and so many inconsistencies appeared
as to make advisable the abandonment of th is line of reasoning for 
the solution o f the problem. A basic objection to the expression in 
the form just studied is  the appearance in i t  of h1 and V, which 
must be calculated by a rather roundabout method.
Because of th is la tte r  objection an expression .ms sought which 
would give the expression for G in terms of conditions which could 
be observed d ire c t ly , or were eas ily  computed. These variables ares
G - The rate o f flow in cubic feet per second in the sewer 
above the overflow weir
q - The ^ate of discharge in cubic fee t per second over 
the overflow weir.
S - The slope of the invert
1 ^ The length of the weir in feet
k - The height of the weir above the in vert, in feet 
d - The diameter of the pipe, in fe e t . 
k'~ The ra tio  of k to d, - k/d
I t  was thought possib le, because of the nature of the results 
obtained in the tes ts , that there was some d irect re la tion  between 
Q and q. Since the preceding rational considerations, assisted by 
simple empirical assumptions, isd to no valuable resu lt, th - values 
of Q were plotted against q to a natural scale. The appearance of 
the curve suggested an exponential re la tion  between them, and they 
were replotted on logarithmic paper. Figure 45 is  a plot o f a l l  of 
the observations made on eighteen inch pipe, and Figure 46 a few 
typical observations made on twentyfour inch pipe. The appearance of 
these lines is  su ffic ien t to lead to the conclusion that (very clos-
e l > )  q  „ . , mk-| qu
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For very small values of q the re la tion  does not approximate a
straight lin e  when drawn on logarithmic paper, but since the values 
of q less than one tenth of a cubic foot per second are of but l i t t l e  
practica l value the va lue o f the preceding expression .is not impaired
The terms, and m are probably functions of the other va r i­
ables which were held constant in order to determine the rela tion  
between Q and q. These variables are S, 1, k, and d. I t  is evident
from the appearance of Figures 45 and 46 that the value of m is  de­
pendent upon d and. k' only. The values of in were plotted against k' 
to a natural scale and found to l ie  very c lose ly  on a straight line 
for the value of d equal to eighteen inches. Since only three points 
were ava ilab le fo r the location of th is line for the twentyfour
inch pipe and two points for the eighteen inch pipe, the result is
• r
not of great certa in ty. The equations of these lines were developed. 
Too few points were ava ilab le for a more certain determination of 
the relations between m, d and k' . The values of these variaoles 
as observed in the experiments are therefore presented in Table XI.
TABLE XI
VALUES OF EXPONENT m IN RELATION Q - kj FOR OVERFLOW WEIRS
d 2 VO" 1 6”
k’ 0.500 0.416 0.333 0.250 0.377 0.309
m 0.170 0.305 0.44 0.58 0.24 0.45
1 / m 5.9 3.28 2.28 1.72 4.2 2.22
Further attempts were made to determine a general re la tion  
between d, k' and m were made, but they proved fru it le s s .
S e c t 51. Cone 1 usio n e S u ffic ien t observations have been 
made to determine conclusively that
Q - k1 qm
I t  was not possib le, vdth the number of observations made, to deter­
mine s a t is fa c to r ily  a general rela tion  me tween kj , q, Q, and m.
------------------ -—2-g—     ...... .......™T|OO
Tables XI and XII have therefore been included, showing d irect obser­
vations of these factors under -various conditions. For the solution 
of any particu lar probela the values can be selected from the tables 
and the equation solved. It  is  to be noted that the use of the fo r­
mula beyond the lim its  o f the experimental ooservations would not be 
possible because of the lim itations of the tables.
SasU.,52... „ QL.Bs&MlX & » - The expression Q - kr qni
has been solved for each run and the result compared with the observ­
ed value of q. The percent which the d ifferen ce between the computed 
quantity and the observed quantity was of tne observed quantity has 
been plotted for a l l  runs in which the rate of discharge over the 
overflow weir was equal to or greater than one cubic foot per second. 
For rates of discharge of less than one cubic foot per second the 
actual, and not the percent, d ifferen ce 'was p lo tted . This change was
made because the actual discrepancies were so high compared to the 
observed d ischarges,for the small rates, that the percentage d iscre­
pancy had l i t t l e  s ign ifican ce. It  is  to be understood that these d is ­
crepancies do not represent an actual error in either the observation 
or the computation, but that one or the other is  probably in error to 
some extent.
Figure 47 shows that the largest percentage of error fo r any 
run (with a discharge greater than one cubic foot per second) was 
about 29, and that eighty percent of a il, o f the runs in -which large
rates of discharge were observed have a discrepancy of less than 10 
percent. For the smaller rates of discharge the greatest error is 
about 0.24 of a cubic foot per second, and 89 percent of the smaller 
discharges have a discrepancy o f less than one tenth of a cubic foot 
per second.
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TABLE XI I
VALUES OF THE COEFFICIENT k, IN THE RELATION
0 -  k Q®
OVERFLOW NEIRS
D ia . k ' 1 s U u s of Sio^e ra t io
f t  • f t . f t . . 004 .0 0 7 - ! . .015 ,018
2 .0 .500 “1 .1 7 1676 ' ------ - ------
2.0 .500 2 .2 9 1 4 .7 —----- ----- — ---- -
2.0 .500 3 .7 9 13.3 --- --- - — — —--- — —
2.0 .416 1 .1 7 13.1 1 3 .4 1 3 .7 14 ,2 —
2.0 ,416 2 .2 9 11 .7 1 1 .9 12.2 12 .7 ---
2.0 ,416 3 .7 9 10.5 1 0 .7 11 .0 1 1 .6 «...
2.0 .333 1 .1 7 12.6 12.8 13,1 13 .5 — — —. _
2.0 ,338 2 .2 9 10.0 10.3 10.6 11.0
2.0 .333 3 .7 9 8 .5 8.8 9 .0 9 .5 _
2.0 .250 1 .17 9 .3 9 .6 9 .8 10.3 - , ^  m
' 2 . 0 .250 2 .2 9 7 .0 7.3 7 .5 -  8 .0 —
2 .0 <250 3 ,7 9 5*5 5,8 . 6 .0 6 ,5 «---- -
1 .5 .377 1 .31 8.6 9 ,0 9 .5 — ~---- 10.6
1 .5 .377 .2 .14 7 ,6 8.1 8 .5 --- 9 .6
1 .5 .377 3 ,5 8 6.6 7 .0 - 7 .4 — 8.6
1 .5 .309 1 .31 7 ,6 8.1 8 .5 9.1 #■-------
1 .5 .309 2 ,1 4 6.1 6*6 7 .0 7 .7 %-------
1 /5 .309 3 ,5 8 4 .9 5 .3 5 .8 6*4
k' represents the distance that the edge of the 
overflow weir is  above the bottom of the invert
1 represents the .length of the weir
# The slope for these runs was 0.014
7 0
- -----: CHAPTER IX ;-------
-------.DESIGN OP OVERFLOW WEIRS;--------
Sect* 53. Methods;- The purpose of an overflow weir as 
described in Chapter VI, was? that' ' •=£« purpose ©£ over-x-rgw- fi^br- 
''is to re lieve  a sewer of a certain proportion of it s  contents which 
threaten to overcharge i1 1 It  is  usually desirable not to allow the
overflow to begin until there has Deen a considerable d ilu tion  of the 
sanitary sewage, in order to render the portion removed from the 
sewer less o ffen s ive . This can be accomplished by placing the edge of 
the weir high in the sewer, but the higher the weir the longer i t
must be in order to discharge the same quantity.
So far as could be determined by inquiry among engineers, the 
only ’ method’ in use fo r  the design of overflows was a rule of thumb 
guessing, except fo r the analysis quoted from Parmley* The value and 
accuracy of th is formula or method nave Deen discussed in section
49 on page 63, and the results to be obtained in the follow ing ex­
ample w ill serve to emphasize the conclusion.
In order to il lu s tra te  the method for the design of a weir in 
accordance with the results of the observations oi th is series of 
tests an example w il l  be worked out in the fo i l  owing section.
The conditions to be assumed
a,re; a twentyfour inch combined sewer on a grade of *01 with a c o e f f i ­
cient of roughness of 0.015. At the time of sudden summer thunder 
showers the sewer does not carry away water fa s t  enough and over­
flows at the manholes. I t  becomes desiraoie to construct an over­
flow weir which w ill re lieve  the sewer of one half of it s  contents, 
without sp illin g  any of the dry weather flow which is  assumed to be
one f i f t h  of the fu ll  capacity of the sewer.
,
By Pu tter ’ s formula i t  is  found that the fu ll  capacity o f the
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sewer is  19 cubic feet per second, which is  equal, to the "value 0 in 
the formula Q - k-j qm. Since one ha lf of the capacity of the sewer is  
to-be sp illed  q ^ 9.5 cubic feet per second. By consulting Figure 10 
i t  is  found that when the sewer is  carrying one f i f t h  of its  fu ll 
capacity i t  is  flowing at a depth which is  three tenths of its  d ia ­
meter, in th is case six tenths of a foo t. The value of k' is  there­
fore 0.3. For the extra factor of safety a value of 0.333 w ill be as­
sumed for k ' . Then from Table XI m equals 0.44. Substituting these 
respective values of 0, q and m in the expression 0 - k^qm i t  is  
found that k-| - 7.3 By interpolation  in Table XII the length of the
weir is found to be about 2.5 fe e t .
By a very simple process i t  has ueen found that a weir th irty  
inches long placed 7.2 inches above the bottom of a twenty four inch
sewer pipe on a grade of 0.01 w ill discharge one half of the fu ll 
capacity of the sewer when th is quantity is  being delivered through 
the sewer,above the weir.
A solution of th is problem vi 11 me made by the Parmiey method
ana the results compared. Substituting in the formula given on page
69 t - — ( — l ] The value of d in th is 
’ X -  \1.67fh -  1 .67 1E J
case is 2, h] is  about 0.8 x 2 o r 1.6 and is  0.5 x 2 or 1.0
Therefore t - K67(~*T~' ~  T lz l )  — The ve loc ity  of flow when
is 1.6 is about 7 feet per second therefore the length of the 
weir should be 1 *68’ - 7 x 0.24
Parmiey states in his method that a fte r  having solved for the 
length of the weir by his method; "the s i l l  must 'me lengthened to 
perform the same work". The d ifferen ce totween the value of T.68 
and 2.5 represents the necessary increase. The i act that the correct 
value was found at once by the formula Q - k-j qD1 emphasizes the 
value of that formula.
